Google 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http : //books . google . com/| 



■«!?S.<r- 



I 



Engineering 
., Library 

TL 

pas' 



The Gasoline Automobile 



ITS DESIGN AND CONSTRUCTION 



Volume III 



• '^ 






Electrical Equipment 

With Notes on Its 

Maintenance, Care and 

Repair 

By 

P. M. HELDT 

Member Society of Automotive Engineers 



FIRST EDITION 



P. M. HBLDT 

NYACK, N. Y. 

1918 



I, 









Gopyiightedby 

P. M. HELDT 

1918 



ALL RIGHTS RE8BRVBD 



PREFACE 

THfi prudent volume is based on a series of articles which 
appeared in The Horseless Age during 1914 and 1915. 
The material was originally prepared with the intention 
that it should subsequently be published in book form, but 
various things interfered with the immediate carrying out of 
this plan. The author has now acquired the publishing rights 
to the series and has thoroughly revised it, adding new mate- 
rial especially to the section on Electric Lighting and Starting, 
and he offers it herewith as a volume of the set on The Gaso- 
line Automobile. 

Like the other two volumes of the set, the present volume 
was written mainly to meet the needs of automotive engineers 
and students of the science and art of automotive engineering. 
However, the third volume differs somewhat from the two 
preceding ones, both in method of treatment and in the scope 
of its appeal. There are in the country at present a large 
number of managers and employees of garages and service sta- 
tions who have to take care of electrical apparatus, and it has 
been the author's aim to incorporate in the book such material 
as is required to make it serve them as a practical handbook of 
their trade. It was particularly with this object in view that 
a treatment of the elementary principles of electricity was 
included. 
What will probably appeal most to the reader who is con- 
V nected with a garage or service station are the sections on 

the maintenance, care and repair of the different items of 
^ electrical equipment. In dealing with these subjects the aim 

_ has been to make the information given of as wide application 

f^ as possible, and always to explain the underlying reasons for 

defective operation observed and for remedies applied. 
^ Most of the drawings with which this volume is illustrated 

J were made by J. W. Kipperman, whose neat and accurate 

-^ work will be appreciated by the reader. 

The author will feel indebted to any of his readers who 
will apprise him of errors either in the text or the illustra- 
tions. 
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CHAPTER I 



Principles of Electrical Phenomena 

Electricity is a form of energy — a medium for the transmis- 
sion of power. Other forms of energy are heat, light, the 
chemical potential energy of certain materials such as coal, 
wood, petroleum, etc., and the kinetic energy of moving bodies. 
The most distinctive characteristics of electricity, as compared 
with other forms of energy, are that it can be readily and 
accurately controlled, and lends itself to transmission over 
long distances without undue loss. Various theories have been 
evolved to explain the exact nature of electrical phenomena. 
These, however, are of interest chiefly to the scientist, and 
do not directly concern the practical electrical worker. We 
will, therefore, not discuss them here. Host electrical phenom- 
eha can be clearly explained by considering electricity to be a 
fluid, and electric current to be a fluid in motion. In other 
words, electric phenomena may be explained by hydraulic 
analogies — a method which we shall use here. 

Static and Current Electricity — ^A distinction has long 
been made between static electricity and dynamic electricity 
(or current electricity). As a matter of fact, there is only one 
kind of electricity, and the two terms may be regarded as 
applying to opposite extremes in the range of electrical phe- 
nomena commonly dealt with. We speak of electrostatics 
when referring to phenomena connected with frictional elec- 
tric or induction machines. These machines produce exceed- 
ingly small quantities of electricity at extremely high pres- 
sures, and these two features are characteristic of so-called 
electrostatic phenomena. On the other hand, when we deal 
with any of the industrial sources of electricity we have 
comparatively large quantities of electric fluid at a relatively 
low pressure. However, in some automobile applications of 
electric currents (dynamic electricity) the pressure used is 
sufliciently high to produce what are ordinarily regarded as 
electrostatic effects, and these will be referred to again later 
on. For the most part, we have to do with the phenomena of 
electric currents. 
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Conductors and Insulators — ^All substances conduct elec- 
tricity to some extent, but the conducting powers of different 
materials vary enormously. All of the metals are good con- 
ductors, the best among them being silver, copper, gold, alumi- 
num, platinum, zinc, iron and nickel. Materials which have a 
very low conductivity — ^in other words, through which elec- 
tricity passes with the greatest difficulty — ^are known as insu- 
lators. These insulators serve to keep the current in the 
conductors which they support or surround. However, there 
are no absolute insulators or materials which completely prevent 
leakage of current. The best insulators are glass, porcelain, 
mica, hard rubber, ebonite, silk, etc. 

DifiFerence of Potential — ^Water which is acted upon only 
by the force of gravity always flows from a higher to a lower 
level, if free to do so. We say that the flow from one point 
to the other is caused by the difference in level of these two 
points. Similarly, when an electric current flows in a conduc- 
tor it flows from a point of high potential to a point of low 
potential, and the current flow is due to a difference in poten- 
tial. Electric potential, therefore, corresponds to water level 
in hydraulic phenomena. Difference in electric potential is 
due to an electromotive force. The electromotive force in 
electrical phenomena corresponds to the force of gravity in 
hydraulic phenomena. As the force of gravity on any object 
(the weight of the object) is measured in pounds, so the 
electromotive force is measured in volts. In other words, 
the volt is the unit of electromotive force. The technical defi- 
nition of the volt will be given later. 

In Fig. 1, A and B represent two tanks containing water, 
which communicate through a pipe. Since the water stands at 
different levels in the two tanks, water will flow from the 
higher to the lower tank through the pipe. The difference in 
level is designated by a. In Fig. 2 are shown the same two 
tanks connected by a pipe of the same length and diameter 
of bore as in Fig. 1, but in this case the difference in level 6 
is twice as great as a in Fig. 1. The result will be that water 
will flow from the higher to the lower tank twice as fast as 
in Fig. 1. This is expressed technically by saying that the 
rate of flow is directly proportional to the difference in leveL 

In electrodynamic phenomena the current corresponds to 
the rate of flow in hydraulic phenomena, and in any electric 
circuit, if the electromotive force is varied, other things re- 
maining the same, the current will vary in the same pro- 
portion as the electromotive force. The unit of current is 
the ampere, a definition of which will be given later on. 

In the hydraulic analogy cited, it was stated that in the 
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two cases the length and diameter of bore of the connecting 
pipe remained the same. If the dimensions of the pipe were 
varied while the difference in level remained the same, then 
the rate of flow would also vary, because with a change in the 
dimensions of the pipe there would be a change in the fric- 
tional resistance encountered by the flowing water. If the 
pipe be lengthened, the resistance naturally would be in* 
creased, whereas if the bore of the pipe be increased, the 
resistance would be lessened. The electrical conductors com- 
posing the circuit through which the electric current flows 
also offer a certain resistance to its flow. This resistance 
varies directly as the length of the conductor, inversely as the 
cross-sectional area of the conductor and inversely as the "con- 
ductivity" of the material of which the conductor is composed. 
That is to say, if we double the length of the conductor we 



A 



B 



m 



Fig. 1. 



Fig. 2. 



double its resistance, but if we double its cross section or use 
a material of twice the conductivity we halve the resistance. 
Ohm's Law — These three important factors in electrical 
work, the electromotive force, the current and the resistance, 
are connected by a very simple law, named after its discoverer, 
Ohm's law, which is to the effect that the current is equal 
to the electromotive force divided by the resistance. Mathe- 
matically this is expressed as follows: 



Current = 
or in abbreviated form. 



Electromotive force 



Resistance 



C = 



R 



By transforming this equation we find that 

Electromotive force = current X resistance 
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and 

_, . ^ Electromotive force 

Resistance = 7= r 

Current 

Therefore, by means of this law, if we know any two of the 
factors, we can readily find the third. As already stated, the 
electromotive force and the current are measured in volts 
and amperes respectively, and to this it may now be added 
that the resistance is measured in ohms. One ohm is the 
resistance of a column of mercury one square millimeter in 
cross section and 106.3 centimeters in length at the tempera- 
ture of melting ice (32 degrees Fahrenheit). It is necessary 
to specify the temperature because the resistance of mercury, 
as well as of most other conductors, increases with the tem- 
perature. 

Chemical Effects of Current — The definition of the am- 
pere, the unit of current, is based on the chemical effects of 
the current. When two wires are connected to a source of elec- 
tric current and their free ends are dipped into a glass of 
slightly acidulated water, the current will pass through the 
water from one wire to the other, and gas bubbles will be 
seen rising from the surface of the water where the wires 
enter. The gases given off are hydrogen and oxygen, the con- 
stituents of water, which later is decomposed by the passage 
of the current. The oxygen rises at the wire through which 
the current enters (or, rather, is supposed to enter) the water, 
and the hydrogen at the wire through which the current 
leaves (or is supposed to leave) the water. The former wire, 
of course, connects to that terminal or pole of the source of 
current from which the current proceeds, which is known as 
the positive pole, and the latter to the pole at which the cur- 
rent returns, which is known as the negative pole. As 
water is composed of two parts (by volume) of hydrogen to 
one part of oxygen, gas will be given off much faster at the 
wire by which the current leaves the water than at the 
other, and a device of this kind, therefore, can be used for 
determining the direction of the current. The portions of the 
wires extending into the water are known as electrodes. The 
reason for adding a small amount of acid to the water in the 
above experiment is that it increases the conductivity of the 
water, pure water being a very poor conductor. 

Electrolytes — Conductors which in conducting a current 
are decomposed by it are known as electrolytes. Most electro- 
lytes are solutions of metallic salts. One of the most familiar 
electrolytes is a solution of copper sulphate (blue vitriol). If 
current is sent through such a solution metallic copper is 
deposited on the electrode by which the current leaves and 
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gases accumulate at the other electrode. The rate at which 
copper is deposited depends upon the current flow, and this 
permits of defining the unit of current, the ampere. One am- 
pere is a current which during one second deposits 0.00113 gram 
of silver from a bath of silver nitrate in water. This is the 
standard definition of the ampere, which, like all other elec- 
trical units, is based upon the metric system. A deposit of 
0.00113 gram per second is equal to 0.009 lb. per hour. The 
figure 0.00113 is termed the electro-chemical equivalent of sil- 
ver. Each metal has its own electro-chemical equivalent, but 
some, like copper and iron, which form two different classes of 
compounds, have two different electro-chemical equivalents 
each. 

Definition of the Volt — Having in the above given defi- 
nitions of the unit of current, the ampere, and of the unit of 
resistance, the ohm. Ohm's law now enalDles us to give the 
following definition of the unit of electromotive force, the 
volt: A volt is an electromotive force which when applied 
to the ends of a conductor having a resistance of one ohm 
will cause a current of one ampere to flow through that con- 
ductor. 

Specific Resistance — Every conducting material has what 
is known as a specific resistance. In the metric system this is 
the resistance in ohms between opposite faces of a cube of the 
material whose sides are 1 centimeter long. Most conductors 
used in practical work are in the shape of circular wires and 
in order to be able to quickly calculate the resistance of a 
wire from its dimensions and the constant corresponding to 
the material of which it is composed, it has become customary 
to express the cross section of a wire in circular mils. A 
round wire 0.001 inch in diameter has a cross section of one 
circular mil, and to find the cross section of any other wire 
in circular mils, we need only square the diameter of the wire 
in thousandths of an inch. For practical purposes, therefore, 
instead of taking the resistance between opposing faces of a 
one centimeter cube as the specific resistance, it is better to 
use the resistance of a circular wire 0.001 inch in diameter and 
1 foot long. Such wires of the more common metals have the 
following resistances at 32 degrees Fahr. : 

Ohms 

Silver 9.048 

Copper , 9.612 

Gold 12.38 

Aluminum 17.53 

Iron 58.45 

Nickel 93.86 



t 
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The figures here given are for pure, annealed metal and the 
resistance of commercial metals would be somewhat higher. 
These figures permit of rapidly calculating the resistance of 
any wire of known dimensions. For instance, let it be re- 
quired to find the resistance of 1,000 feet of copper wire 0.032 
inch in diameter. The resistance is evidently 

9.612 X 1000 o QQ ,!,„,„ 
32X32 == ^'^^ ''^'^^' 

Temperature Coefficient — The resistances thus found are 
those at 32 degrees Fahr. At higher temperatures the resis- 
tances of practically all metals are greater, increasing by a 
certain fixed proportion for each degree of temperature in- 
crease. The proportional increase, of course, is different for 
each metal. The temperature coefficients or coefficients of 
increase in resistance per degree Fahrenheit for the different 
metals are as follows: 

Copper 0.0024 

Silver 0.0022 

Gold 0.0021 

Aluminum 0.0024 

Iron 0.0030 

Nickel 0.0035 

These figures in conjunction with those given above enable 
us to determine the resistance of any wire of given dimen- 
sions at any temperature. For instance, if we take the copper 
wire of the previous example which at 32 degrees Fahrenheit 
had a resistance of 9.39 ohms, at 82 degrees Fahr., which is 
50 degrees higher, this same wire will have a resistance of 
9.39 + (9.39 X 50 X 0.0024) = 10.52 ohms. 
A rough rule for the increase in the resistance of copper 
wire is one per cent, for every 4 degrees Fahr. increase in 
temperature. 

In this country copper wire is always made according to the 
Brown & Sharpe gauge. 

Resistance Calculations — ^Wherever an electric current 
flows it encounters resistance. For instance, if we connect the 
poles of a battery cell by a length of wire, the current which 
will flow through the wire will be determined not solely 
by the resistance of the wire but by the internal resistance 
of the cell as well. Thus in Fig. 3 suppose the cell has an 
electromotive force of 2 volts, that its internal resistance is 
0.1 ohm and that the resistance of the wire connecting its 
terminals is 1 ohm. Then the total resistance in circuit evi- 
dently is 

1 + 0.1 = 1.1 ohms 
and the current that will flow in accordance with Ohm*s law, ia 
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1.1 



= 1.82 amperes. 



Conductors through which the same current flows success- 
ively are said to be in series and their resistances may be 
added together. 

Now, consider that the terminals of the cell are connected 
by two wires, as shown in Fig. 4, one having a resistance 
of, say, 2 ohms and the other of 3 ohms. Such wires are said 
to be connected in parallel. To find the effective resistance 
of these two wires in parallel we proceed as follows : 

Suppose for a moment that an electromotive fprce of 1 
volt is effective between the terminals A and B of the cell 
when the circuit is completed and the current flows. It is 
obvious that the current in one wire would be % ampere and 
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Fig. 3 



Fig. 4. 



in the other Yz ampere. The total current therefore would be 

V2 + y3 = H amperes 

and since \ 

^ . ^ Electromotive force , 

Resistance =—. r= 7 

Current 

and the electromotive force is 1 volt, the equivalent resistance 
of the two wires is evidently 

-77- = -7^ =1.2 ohms. 

and the total resistance in circuit 

1.2 4- 0.1 = 1.3 ohms. 
Force, Power and Energy— In studying electrical phenom- 
ena it is very important that we have a clear conception of 
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the terms force, power and work (or energy). Force may 
be defined as the ability to do mechanical work. A body 
resting on a table exerts a force of so many pounds (its 
weight) on the table. If we wish to raise the body to a higher 
position, then we must apply to it a force equal to that with 
which it presses against the table and the product of the 
force in pounds into the distance it is lifted in feet is the 
work done in foot-pounds. For instance if a 10-pound weight 
is lifted through a vertical distance of 10 feet then the work 
done is 

10 X 10 =^ 100 foot-pounds. 

Power is the rate of doing work. If the 10-pound weight 
referred to were raised at the rate of 5 feet per minute then 
the power would be equal to 

10 X 5 = 50 foot-pounds per minute. 

Electric Energy — In explaining the factors that make up 
electric power, it is again well to refer to an hydraulic anal- 
ogy. The power of a waterfall, for instance, depends upon 
two factors, viz.: the amount of water passing per minute 
and the height of the fall, which latter determines the pres- 
sure with which the water will impinge upon the blades of 
a water wheel, say. Similarly, in the case of a steam boiler, 
the power depends upon the amount of steam given off in 
a unit of time and upon the pressure of the steam. We may 
therefore say that the two factors of power are pressure and 
quantity per unit time (or rate of flow). The same holds 
true in electrical work. The pressure in this case is the 
electromotive force, measured in volts, and the rate of flow 
is the current measured in amperes. When a current of 
one ampere is flowing under a pressure of one volt, we have 
a unit of electrical power known as one watt. In general, 

Electric Power = Electromotive force X Current 
or 

Watts = Volts X Amperes. 

In this connection, it may be pointed out that 746 watts is 
equal to one horsepower or 33,000 foot-pounds per minute. 
Electrical engineers use, instead of the horsepower, the kilo- 
watt, which is equal to 1,000 watts, or about IJ^ horsepower. 

If we multiply the power or rate of doing work by the length 
of time the power is applied, we get the amount of work done. 
The unit of electrical work, known as the joule, is equal to 
one watt for one second. This unit, however, is rarely used 
in practical work. One foot-pound (unit of mechanical work) 
equals 1.356 joules (electrical unit of work). 

Heat Losses — It is a well-established law of nature that 
energy is indestructible. When electrical energy is produced 
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by any of the usual means, energy of some other form, the 
exact equivalent of the electrical energy produced, disappears. 
Again, the electrical energy exists only while the current 
flows and is converted immediately into some other form of 
energy. When we connect a wire across the terminals of 
an electric battery, the wire will increase in temperature, 
showing that heat is being generated. In fact, all of the 
energy represented by the electric current in that case is 
converted into heat. We found that the power of the electric 
current was equal to the product of the electromotive force, 
into the current. But inasmuch as the electromotive force, 
according to one version of Ohm's law, is equal to the product 
of the current into the resistance which it overcomes, the 
rate of energy or heat production is equal to the current in 
amperes multiplied by itself and by the resistance in ohms. 
This may be written, 

L = CR watts. 
In all applications of electric energy, except for heating 
purposes or where the heat is indirectly utilized; as in incan- 
descent lamps, etc., this heat represents a loss, and it is there- 
fore common among electrical men to speak of the CR losses 
which means the resistance or heat losses in the conductors. 
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Primary Electric Batteries 

The oldest source of current electricity is the primary elec- 
tric cell. In its simplest form an electric cell consists of a 
vessel containing: a solution of sulphuric acid in which are 
immersed a rod of zinc and a rod of copper or gas carbon. 
The zinc is known as the negative and the copper or carbon as 
the positive element of the cell. When the terminals of the 
positive and negative elements are connected by a wire out- 
side the cell, as shown in Fig. 5, a current will flow from the 
positive element (copper) to the negative element (zinc) out- 
side the cell, and from the negative element (zinc) to the 
positive element (copper) inside the cell. As the current 
flows, the zinc rod is eajten away, the zinc .combining with 
the sulphate radical of the sulphuric acid to form zinc sul- 
phate, which is held in solution, and the remaining element 
of the sulphuric acid, hydrogen, accumulating on the copper 
or carbon element and possibly bubbling up through the 
solution. There are many other metals besides zinc and 
copper which can be used for the elements of primary cells, 
but these two have proven the most practical. The element 

which is consumed the most rap- 
L- * "** -J idly is always the negative ele- 

ment. 

Rule for Direction of Current — A 
good rule to remember for direc- 
tion of current flow is that in a cell 
or any electroljrtic bath the current 
always flows in the direction in 
which the metal travels. In the 
above described simple primary 
cell the metal passes from the zinc 
element into the solution and the 
current passes from the zinc ele- 
ment through the solution to the 
Fig, 6. positive element. 
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Consumption of Zinc — ^According 

to the law of the conservation of — I I I I I 

energy, the production of electric | | | | | 

energy in the cell must be accom- 
panied by the loss of energy in ^^^ 6 - Conventional 
some other form. In this case it is diagram of a Battery. 
derived from the chemical potential 

energy of the zinc. When the zinc from the negative element 
of the cell combines with the sulphate radical of the sul- 
phuric acid it practically burns and gives out energy in the 
same way as coal does when burned, except that in this case 
the energy appears in the form of electricity instead of as 
heat. A part of the heat of combination of the zinc sulphate 
is used up in splitting up the sulphuric acid into hydrogen 
and ''sulphate,'' and the rest appears as electric energy in 
the circuit. One pound of zinc will furnish 375 ampere-hours, 
that is, say, one ampere for 375 hours. 

Polarization — The hydrogen component of the sulphuric 
acid accumulates in small bubbles on the copper or carbon 
(positive) element of the cell. It thereby increases the in- 
ternal resistance of the cell and also sets up a counter- 
electromotive force, because the hydrogen is negative with 
respect to the zinc. The result of this effect, which is known 
as polarization, is that after the cell has been delivering 
current for a short time the current falls off in value. Owing 
to this fact the simple primary cell can be used only for 
delivering current intermittently for short periods as required 
in operating house bells, for instance. 

A number of cells electrically connected together are known 
as a battery. In electrical discussions it is usual to repre- 
sent a battery cell diagrammatically by means of one short 
and heavy and one long and thin line, the two lines being 
parallel (Fig. 6). The heavy lines represent the zinc or 
negative elements and the light lines the carbon or positive 
elements. The positive pole or terminal of a cell or battery 
is generally indicated by a plus (-|-) sign, and the negative 
terminal by a minus ( — ) sign. 

Methods of Connecting Cells — ^There are three methods of 
electrically connecting up battery cells. If in a group of cells 
the positive pole of one cell is always connected to the nega- 
tive of another cell, as shown in Fig. 7, the cells are said to 
be connected in series. In a series connected battery the 
electromotive force between the end terminals is equal to 
the product of the number of cells into the electromotive 
force of a single cell. The maximum current obtainable 
from such a battery, however, does not exceed that obtain- 
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able from a single cell. Another way of connecting up a 
set of cells is shown in Fig. 8, and is known as parallel or 
multiple connection. In this case all of the positive terminals 
are connected together and all the negative terminals like- 
wise. The effective electromotive force of a multiple battery 
is the same as that of a single cell, but, naturally, a much 
larger current can be drawn from such a battery than from 
a single cell, as each cell delivers only a fraction of the total 
current. Of course, only cells of the same electromotive 
force should be connected in parallel, as if one cell had a higher 
electromotive force than the others with which it was con- 
nected in parallel it would send a current through the latter 
in a reverse way. With the electromotive forces of all cells 
exactly alike they balance each other and there can be no 
reverse current through any of them. 




Fig. 7 — Series Connection. 








Fig. 



ARALLEL CONNECTION. FiG. 9 — SeRIES-MULTIPLE CONNECTION. 



Electromotive Force Independent of Size — It may here be 
pointed out that the electromotive force of a battery cell 
depends only upon the materials of the elements and the 
solution and not in any way upon the size of any part of the 
battery or of the battery as a whole. However, the internal 
resistance of a cell, and consequently the maximum current 
which can be drawn from it, depend upon the form and size 
of the parts of the cell. The resistance is the less the larger 
the surface area of the elements and the closer they are 
together. 

Series-Multiple Connection — ^There iis a third way of con- 
necting up cells, known as the series-multipie connection, 
which is a combination of the two methods previously de- 
scribed. It is illustrated in Fig. 9. If we have twelve cells, 
for instance, and want to use them for a purpose that calls 
for an electromotive force equal to four times that of a single 
cell, we oen connect the cells in three groups of four in 
series. Each cell will then be delivering only one-third the 
total current required. In a series-multiple battery the elec- 
tromotive force is equal to that of a single cell multiplied by 
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the number of cells connected in series and the maximum 
current capacity is equal to that of a single cell multiplied by 
the number of parallel groups. 

Depolarizers — In order to prevent polarization of cells 
and thus enable them to give a steady current continuously, 
many forms of depolarizers have been employed in primary 
cells. The object of the depolarizer is to furnish an element 
or radical combining with the hydrogen or its equivalent as 
fast as it is formed, so preventing its adherence to the posi- 
tive plate, which latter constitutes the phenomenon known 
as polarization. 

Wei Cells — Primary cells may be divided into wet cells 
and dry cells. The former, as a rule, consist of a jar of 
insulating material, often glass, with a cover of insulating 
material, usually a molded composition, which holds the two 
elements of the cell. The jar is Ailed with solution to near 
the top. Sometimes the positive element is enclosed in a 
porous cup at the center of the jar and two different solu- 
tions are used, one in the porous cup and one in the jar, the 
former acting as depolarizer. Wet cells are never used on 
automobiles on account of the danger of the acid solution 
slopping over, and we, therefore, need not discuss them in 
detail. The only tjre of primary cell used on automobiles 
is the so-called dry cell which is constructed as follows (Fig. 
10): 

Dry Cells — The negative element of a dry cell consists of 
a zinc cup A which also forms the jar or container for the 
whole cell. In the center of this zinc 
cup is located a carbon rod B, which is 
supported by means of an insulating 
composition C, forming a closure for the 
zinc cup. The carbon rod does not ex- 
tend entirely to the bottom of the zinc 
cup. The electrolyte or exciting fluid 
consists of a solution of sal-ammoniac 
(chloride of ammonia), which is held by 
some absorbent material D, like blotting 
paper or strawboard, with which the in- 
terior of the zinc cup is lined. In be- 
tween this absorbent lining and the cen- 
tral carbon rod is a space which is 
flUed with a depolarizing agent E. The 
latter generally consists of black oxide 
of manganese. It is mixed with pow- 
dered or granulated gas carbon and the piQ_ jg p^y Cell 

whole is saturated with exciting fluid, in Section. 
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A considerable amount of electrolyte is required because the 
sal-ammoniac is consumed at a somewhat faster rate than the 
zinc, one pound of sal-ammoniac giving 225 ampere-hours. 

Black oxide of manganese, the depolarizer, readily gives off 
some of its oxygen, which combines with the negative element 
'of the electrolyte after it has given up its chlorine to the 
zinc in forming zinc chloride. Owing to the provision of 
this depolarizer a fairly large current can be drawn from a 
dry cell continuously. 

Standard dry cells as used for ignition and similar pur- 
poses are 6 inches high and 2V^ inches in diameter. To in- 
crease the surface area of the carbon rod it is sometimes 
made flat or corrugated instead of cylindrical. The electro- 
motive force of each cell is about 1.5 volts, and when a cell 
is short circuited — ^that is, when its two terminals are con- 
nected by a short, heavy wire, or through an ampere meter, 
which is equivalent thereto — it will furnish a current of 15 to 
22 amperes, according to its condition. As in that case the 
current depends only upon the internal resistance of the cell 
it follows that the internal resistance varies from 

-^r^ = 0.08 ohm to -^ = 0.1 ohm. 
22 15 

Of course, short-circuiting is injurious to the cell and the 
short circuit should be maintained only for an instant to 
determine the cell's condition. Cells should not be tested 
unnecessarily — only when there is occasion for it. 

Causes of Deterioration — The top of the cell, as already 
stated, is covered by an insulating composition which is 
poured in place while in the molten state. This covering is 
dei)ended upon not only to insulate the two elements from 
each other, but also to prevent evaporation of the electrolyte. 
It is this evaporation which usually causes the deterioration 
of dry cells, as with a loss of electrolyte the interna} resist- 
ance of the cell increases. Cells, therefore, deteriorate slowly 
even while not in use, and it is always a good plan when pur- 
chasing dry cells to make sure that they are fresh and in good 
condition. Dealers now make it a rule to apply an ammeter 
to every cell as they are handing them out, demonstrating to 
the customer that they are fresh. Dry cells should always 
be stored in a dry, cool place, so that evaporation will be a 
minimum and there is no chance of moisture settling on the 
insulating covering and causing leakage paths which will 
gradually drain the cell of its charge. When a battery of dry 
cells is used on a car they should be carefully packed in a 
wooden box or a box lined with insulating material so they 
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cannot shake about. In no case should the battery be placed 
directly in a steel box, as, in spite of the cardboard covering, 
the binding posts on the zincs would come in contact with the 
walls of the box and short-circuit the cells, quickly ruining 
them. In. installing dry cells on a car, care should be taken 
to place them where they cannot possibly be drenched while 
the hose is turned on the car in washing. 

EflSciency of Series-Multiple Connection — When dry cells 
are used for a purpose where considerable current is required, 
as in lighting, it is always well to use a so-called multiple 
battery. The number of cells to be connected in series, of 
course, depends upon the voltage required. For instance, 
if the lamps are 6 volt, then five cells in series are required, 
for although these have a voltage of 7.5, a loss of 1.5 volts in 
the cells themselves and in the wiring can be figured on. In 
order to insure high efficiency and long life of the cells, sev- 
eral such series of five should be connected in multiple. How 
this affects the efficiency may be shown by an example. 

Suppose two 2-candle power 6-volt lamps are to be lighted 
by means of dry cells. These together would take a current 
of about 1 ampere. Let us first suppose that a single series 
of five cells is used, each of an electromotive force of 1.5 
volts and an internal resistance of 0.01 ohm. Then the total 
electromotive force is 7.5 volts and the total resistance 0.7 
ohm. The battery will deliver 

7.5 X 1 = 7.5 watts, 
whereas the loss on account of the internal resistance of the 
battery will be 

1 X 1 X 0.5 = 0.5 watt. 
Hence the efikiency will be 

-1 —-^ =r= 93 per cent. 

7.0 

On the other hand, if we use four series of five cells each 
in parallel, the internal resistance of the whole battery will 
only be one-fourth as much or 0.125 ohm, and the loss in the 
battery will be 

1 X 1 X 0.125 = 0.125 watt. 

Hence the efficiency in this case will be 

(7.6-0.^125) 100 ^ 33 p^^ ^^^ 

These figures, however, hardly reflect the full advantage 
gained by using a multiple battery. 

Wireless Battery Holders — The two elements of a dry cell 
are provided with a binding screw each, and usually con- 
nections are made by means of short connectors made of 
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stranded insulated copper wire with a stamped copper 
terminal at each end. However, the nuts of the binding 
screws have a tendency to rattle loose on a car, and to pre- 
vent the trouble resulting therefrom and also to facilitate 
the renewal of cells, so-called wireless battery holders are 
now sometimes used. A sketch of the Patterson wireless 
battery holder is shown in Fig. 11. It consists of a number 
of units in vulcanite, each supplied with a socket fitted with 
a threaded cap and "bridge." This bridge consists of a flat 
strip which normally rests against a U-shaped piece and is 
out of contact with a circular brass pad below it. Bridges 
and caps are connected in series. Special cells are used with 
this holder, which have the top end of their zincs threaded 
to fit the threaded cap on the holder, and the usual project- 
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Pig. 11 — Patterson WmELESs Battery Holder. 

ing carbon blocks with binding screws are replaced by a 
circular brass pad terminal, which, when the cell is screwed 
in place on the holder, lifts the bridge and makes metallic 
contact between the pad on the cell and the pad in the holder. 
Thus connections are automatically made by screwing the 
cells into the holder. If one cell should be removed for any 
reason, the bridge will move up against the U-shaped piece, 
thus keeping the circuit closed. 

Reviving Old Dry Cells — ^When dry cells have become ex- 
hausted from "drying up," they may be revived by boring 
two or three holes (about % inch) through the insulating 
covering and into the depolarizing material and filling the 
holes with water or a solution of sal-ammoniac, allowing the 
latter to soak in and renewing it a number of times. Then 
seal the holes up either with the borings from the insulating 
material or with parafiin wax in the molten state. However, 
dry cells are now sold at such a low price that no material 
saving can be expected from thus reviving old cells. 



CHAPTER III 



Secondary or Storage Batteries 

If two plates of sheet lead are placed in a bath of sulphuric 
acid solution and connected to a source of electric current, 
and if, after the current has been flowing for a while, the 
plates are disconnected from the electric source and connected 
instead to an electric indicator, it will be found that the 
cell of which they form the elements has itself become a 
source of electric current. Current will pass through the cell 
in a direction opposite to that in which it flowed when the 
cell was connected to the outside source of current. Such 
a cell forms a simple secondary or storage cell which can be 
"charged" by sending a current through it and which will 
"discharge" or deliver a current when its elements are con- 
nected by a wire, etc. The effect of sending a current through 
the cell is to oxidize the surface of one of the lead plates. 
Lead peroxide is formed by the action of the current on the 
plate by which the charging current enters the cell (the 
positive plate), while the surface of the other (the negative) 
plate is at the same time converted into spongy lead. To 
obtain a storage cell of such capacity as to be of any practical 
use it is necessary to so form the elements that they present 
an enormous surface to the action of the electrolyte in pro- 
portion to their bulk or weight, the charging and discharging 
operations must be repeated a number of times (this process 
being called forming), and the plates may be subjected to a 
preliminary forming process consisting in dipping them into 
nitric acid. 

Storage cells made up of elements of metallic lead, which 
are formed electrically as above described, are known as 
Plante or electrically formed cells. They have a long life 
but are practically never used on automobiles on account of 
their great weight for a given capacity. 

Chemical Actions — Modern storage cells as used on gaso- 
line vehicles are of the Faure or pasted plate type. In these 
the electrodes or plates consist of grids of lead (usually anti- 
monious lead, an alloy exceeding pure lead in hardness), tg 
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which pastes made up of lead salts, sulphuric acid solution, 
and certain ingredients increasing their adhesive qualities, 
are applied mechanically. The paste for the positive plates 
is made of red lead or minium (Pb.GJ and the paste for the 
negative plates of litharge or lead monoxide (Pb 0). The 
charging current converts the red lead on the positive plates 
into lead peroxide (Pb 0) and the litharge on the negative 
plates to spongy metallic lead. During the discharge the 
spongy lead of the negative plates and the lead peroxide of the 
positive plates are both converted into lead sulphate. The 
chemical changes during both charge and discharge may be 
represented as follows: 



DISCHARGE- 



Pb Oa + 2 Ha S O4 + Pb = 2 H, O + 2 Pb S O4 
Lead Peroxide + Sulphuric Acid + Lead = Water -f Lead Sulphate 

< CHARGE 

This chemical equation shows that the sulphuric acid 
(H, SOJ of the electrolyte takes part in the chemical reac- 
tion. During discharge some of the sulphuric acid of the 
electrolyte is split up and combines with the active materials 
(lead peroxide and spongy lead) to form water and lead 
sulphate. Consequently, there is less sulphuric acid in the 
electrolyte when the cell is discharged than when it is charged. 

When the cell is in the charged state the active material 
on the positive plate (lead peroxide) has a chocolate brown 
color and the active material on the negative plate (spongy 
lead) a gray color. During discharge the active material on 
the positive plate assumes a lighter brown color and that on 
the negative plate becomes slate gray. In other words, both 
sets of plates become lighter in color during discharge and 
darker during charge. 

Grids — One of the chief differences between storage bat- 
teries of the different makes is in the form of their grids. 
These serve the purpose of a support for the active material 
and of a current conductor. In designing them the aim is to 
make them as light and strong as possible, and so as to hold 
the active material securely and to enable them to withstand 
its expansion and contraction during charge and discharge. 
Two typical grids are shown in Fig. 12. Both consist of 
double lattice work between which the active material is 
incorporated. In one, known as the Diamond grid, the lattice 
work on opposite sides is so arranged that the points of the 
diamond do not come opposite, and the active material is 
locked between the crosses. In the other grid, the members 
run horizontally and vertically, and those on opposite sides 
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ere also staggered. In one make of storage battery the posi- 
tive plates consist of perforated tubes of hard rubber filled 
with active materi^ and a lead core Joined to lead bars at 
top and bottnn. 

The thickness of the plates varies from % to % inch, ac- 
cording to the use to which the battery is to be put Where 
the rate of discharge is low (ignition battery) the plates are 
made thick, whereas when the rate of discharge is high 
(starting battery) the thinnest plates are used. To permit 
high rates of discharge, a specially porous active material 
is sometimes used. 

Positive and N^ative Groups — Individual plates are as- 
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Fio. 12 — ^Two Designs of Gams. 

sembled into groups by means of lead connecting straps which 
are burned (process of lead burning) to lugs formed on the 
grids. A group of positive plates and a group of negative 
plates are then assembled into an element so that each positive 
plate is located between two negative plates, the negative 
group always containing one more plate than the positive 
group. The reason for this is that the actions of expansion 
and contraction during charge and discharge are greatest 
in the positive plates and unless these actions are equal on 
both sides of the plate there is apt to be serious buckling or 
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warping. With one more negative than positive plates, all of 
the latter are acted on equaUy on both aidea and the danger 
of buckling is minimized. 

Construction of Cell — The elements are placed in a cell or 
jar which is generally made of hard rubber. A typical vehicle 
lighting battery is the Willard of which a sectional view is 
shown in Fig. 13. Referring to the cut, the jar A is pro- 



Fig. 13 — WiLLAHD Storage Cell in Section. 

vided with bridges B on the inside at the bottom, on which 
the element C rests and which provides a considerable "mud 
space" at the bottom of the cell, where sediment shed by the 
plates can accumulate before it begins to short-circuit the cell 
by coming in contact with plates of opposite sign. The 
plates themselves must be placed rather close together so 
as to reduce the internal resistance of the cell to a minimum. 
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yet there must be no possibility of their coming into contact 
with each other. To this end separators of some insulating 
material are usually placed between adjacent plates. These 
consist of perforated hard rubber or wood, the latter receiving 
a special treatment to make them acid-proof. These separa- 
tors must not interfere with the free circulation of the elec- 
trolyte, as otherwise the electrical action would be hampered. 
Often both rubber and wood separators are used together, 
the rubber separators being perforated and the wood separa- 
tors having one side grooved, their fiat side being placed 
against the negative plates. 

The cell is filled with an electrolyte consisting of a sul- 
phuric acid solution made up of three or four parts by vol- 
ume of distilled water to one part of pure sulphuric acid (dif- 
ferent manufacturers using slightly different proportions) to 
% inch above the tops of the plates. The top of the cell is 
then closed by means of a hard rubber plate, the joints being 
sealed with a compound which softens when slightly heated. 
In the case of the Willard cell (Fig. 13), the covering D of the 
cell is formed with an expansion chamber E to take care of 
changes in volume of the solution during charge and dis- 
charge. The terminals F of the cell, which are formed integ- 
ral with the connecting strips G, extend through cover D. 
They are covered with a layer of Para rubber, vulcanized 
directly to the corrugated surface of the terminal to prevent 
creeping of acid. A vent plug H of hard rubber, through 
which gases can escape, is screwed into the cover plate. 

The complete cells are placed in a hardwood box I with 
dove-tailed joints, a hard rubber plate K is placed on top, 
held in place by the vent plug H, and the space between the 
cell and the wood box is filled with plastic material. 

Another type of portable storage cell, the Exide, is shown in 
sectional view in Fig. 14. It has a composition cell cover with 
a downwardly flanged edge which when the cover is put in 
place on the cell forms with the top edge thereof a groove 
which is filled with sealing compound. A liquid tight joint 
between the terminals and the cell cover is made by means 
of a gasket and sealing nut. The cell sets directly in the 
wooden box. 

The separators usually extend some distance* above the 
plates, to prevent the possibility of short-circuits by conduct- 
ing material bridging the plates on top, and they are pre- 
vented from floating up and thus uncovering the lower sec- 
tions of the plates, by means of "hold down" bars fastened to 
the under side of the connector bars. 

Voltage of Cell — The average electromotive force during 
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charge is 2.3 volts and the average during discharge is 2 
volts. The electromotive force increases continuously dur- 
ing the charge and decreases during discharge. It attains a 
maximum value during charge of about 2.55 volts, but 10 
minutes after charging ceases, it has dropped to about 2.1 
volts. It is at this voltage that the discharge begins and the 
latter should never be continued after the voltage of the cell 
has dropped to 1.7, if the cell is not to be injured. The varia^ 




Fig. 14 — ExiDE Storage Cell in Section. 



tions in voltage throughout the charge and discharge periods 
are represented by the curves in Fig. 15. The time in hours is 
plotted along the horizontal axis, and the voltage of the cell 
along the vertical axis. 

Capacity Ratings — Storage batteries for ignition, lighting 
and starting are generally put up in wooden boxes with straps. 
or handles to make them easily portable. The voltage em- 
ployed in these services is frequently 6 and the cells are put 



SECONDARY OR STORAGE BATTERIES. 



23 



up in batteries of three connected in series, though for light- 
ing and starting, 12-volt cells are also much used. The usual 
capacities are 80, 100 and 120 ampere-hours, these being the 
rated discharge capacities. The following rules for rating 
lighting and combined lighting and starting lead batteries 
have been issued by the Society of Automotive Engineers: 

"Lighting batteries shall be rated at the capacity in am- 
pere-hours of the battery when discharged continuously at a 
5-ampere rate to a final voltage of 1.8 per cell, the tempera- 
ture of the battery beginning such discharge being 80 de- 
grees F. 

"Batteries for combined lighting and starting service shall 
have two ratings, of which the first shall indicate the light- 
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Fig. 15 — Charge and Dischabge Curves of Lead Cell. 

ing ability and be the capacity in ampere-hours of the battery 
when discharged continuously at a 5-ampere rate to a final 
voltage of 1.8 per cell, the temperature of the battery begin- 
ning such discharge being 80 degrees F. The second rating 
shall indicate starting ability and shall be the rate in amperes 
at which the battery will discharge for 20 minutes continu- 
ously to a final voltage of not less than 1.65 per cell. The 
temperature of the battery beginning such discharge to be 
80 degrees F." 

Standard Dimensions — The following standards for the di- 
mensions of batteries for lighting and for combined light- 
ing and starting have been issued by the Society of Automo- 
tive Engineers: 
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"The overall width of the battery, measured from side to 
side of case, ahall not exceed 7^2 inches. 

"The overall height of the battery measured from bottom 
of case to top of handles shall not exceed 9% inches. 

"The overall length of the battery, measured from end to 
end of case, including handles, shall vary according to the 
capacity of the battery and its details of design. Handles 
shall, as standard, be placed at the ends of the battery, and 
provision for hold-down devices shall, as standard, be made at 
the ends of the battery. The space occupied by such handles 
and hold-down devices shall be in the direction of the length 
of the battery only, and not in the direction of its width. 
Terminals and connections shall not extend above the handles, 
the latter to be the higher point." 

A 6-volt 100 ampere-hour lighting battery weighs about 60 
pounds, and other G-volt batteries in proportion. A 12-volt 
battery of the same watt-hour capacity as a 6-volt battery, 
weighs about 20 per cent more. 

Variation of Capacity with Discharge Rate — ^Por a given 
battery the actual capacity, of course, varies with the rate of 
dicharge, the higher the rate the lower the capacity. Fig. 16 

3^-1 



Fig, 16 — Variation of Capacity with Rate op DisCHABOB. 



SECONDARY OR STORAGE BATTERIES. 



25 




soo tso sx? Z50 jco J60 -^ez? d£^ jet? JPE? ^;%; 

Fig. 17 — ^Variation op Terminal Voltage with Discharge Rate 

AT Moderate and Low Temperature. 

graphically shows the approximate relation between rate of 
discharge and capacity, the capacity at a 10-hour rate being 
taken as 100%. The capacity also varies with the tempera- 
ture of the cells. If we call the capacity at 70 degrees Fahr. 
100%, then the capacity at 20 degrees is only 62%, the de- 
crease in capacity between these limits being in direct pro- 
portion to the drop in temperature. Above normal atmos- 
pheric temperature, while the capacity continues to increase, 
its rate of increase declines and the maximum possible in- 
crease above that at 70 degrees is only about 10 per cent. 

Variation of Voltage with Temperature and Discharge 

Rate. — The terminal voltage of a cell is also greatly depend- 
ent on the temperature and this relation has been investi- 
gated by 0. W. A. Getting, who reported his results in a paper 
read before the Cleveland section of the S. A. E. on February 
15, 1918. Fig. 17 shows the "five-second voltage" curves of a 
100 amp.-hr. battery at 80 degrees Fahr., and at 10 degrees 
Fahr. By "five-second voltage" is meant the voltage that a 
battery will give at the end of five seconds at a certain dis- 
charge rate of current. In other words, the cell whose 
voltage is shown in Fig. 17 will have a voltage of 1.61 after 
five seconds' discharge at 400 amp. at a temperature of 80 
degrees Fahr. 

Determining State of Charge — The majority of automobile 
storage batteries are now charged automatically by means of 
an electric generator on the car. It is essential, however, that 
the battery be always kept in a fair state of charge, as other- 
wise it will deteriorate. There are two methods of determining 
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Fig. 18 — Typical Ignition Battery. 

the state of charge of a cell, viz. : by means of a voltmeter and 
by means of an hydrometer. From Fig. 15 it was seen that 
the voltage of the cell gradually drops during the discharge, 
so that a voltmeter reading gives a fair idea of the amount of 
charge remaining in the cell. However, during a consider- 
able portion of the discharge the voltage remains nearly con- 
stant and the voltmeter method therefore cannot be very accu- 
rate, for which reason the hydrometer method is preferable. 
An hydrometer is an Instrument for determining the density 
or specific gravity of a fluid. It consists of a glass tube sealed 
at both ends, the upper portion being of smaller diameter than 
the lower portion. The lower end is weighted with shot or 
mercury so that when the instrument is placed in the fluid to 
be tested it will assume a vertical position. It is well known 
that a floating body displaces an amount of liquid equal to 
its own weight and a body of a given weight naturally will 
displace more of a light than of a heavy liquid ; in other words, 
it will sink more deeply into the light liquid. The top portion 
or sten) of the hydrometer is graduated and the figure ap- 
pearing on the instrument at the level of the liquid shows 
the specific gravity of the latter or its density, according to 
some conventional scale. 

Bauin£ Scale — Hydrometers are often graduated according 
to the Baumg scale. The BaumS scale for liquids heavier i:han 
water is based upon the following equation: 
145 

Sp. Gr. = at 60° F. 

145 — Baum4 degrees 

The following table gives the corresponding specific gravi- 
ties and Baum£ degrees: 
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Specific Gravity Bauini Conversion Table 

B6. Spec. Grav. BL Spec. Grav. 

1.000 18 1.141 

1 1.006 19 1.150 

2 1.014 20 1.160 
8 1.021 21 1.169 
4 1.028 22 1.178 
6 1.086 28 1.188 

6 1.048 24 1.198 

7 1.050 25 1.208 

8 1.058 26 1.218 

9 1.066 27 1.228 

10 1.074 28 1.239 

11 1.082 29 1.250 

12 1.090 80 1.260 
18 1.098 81 1.271 

14 1.106 82 1.283 

15 1.115 88 1.294 

16 1.124 84 1.306 

17 1.132 35 1.318 FigT19. 



Hydrometer Syringe — Owing to the fact that storage cells 
are generally sealed, it is impossible to introduce an hydro- 
meter into them directly, and it has become customary to 
combine the hydrometer with a syringe by means of which 
some of the electrolyte is withdrawn from the cell through 
the opening into which the vent plug screws. As shown in 
Fig. 19, the hydrometer is inside the glass syringe and can be 
read through the wall of the latter. After the reading has 
been taken, the electrolyte is returned to the cell. When 
water has been added to a cell, no gravity test should be 
taken before the cell has been charged, as otherwise no cor- 
rect reading will be obtained. 

When a cell is fully charged the specific gravity should be 
between 1.28 and 1.30. The reduction of the specific gravity 
by the discharge, of course, depends upon the proportion of 
electrolyte to active material, but generally the density when 
the battery has been discharged to a voltage of 1.8 volts is 
between 1.12 and 1.14. If the densities at complete charge 
and at the lowest point of charge are known, it is an easy 
matter to determine the proportion of charge in the battery 
corresponding to any specific gravity of the electrolyte, since 
the specific gravity increases and decreases directly with 
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the charge. For instance, suppose that the specific gravity is 
1.12 when the cell is discharged as far as desirable and 1.28 
when fully charged. Then it is evident that at quarter charge 
the specific gravity is 1.16; at half charge, 1.20; and at three- 
quarter charge, 1.24. 

Adjusting Level of Electroljiie — The level of electrolyte in 
the cell gradually drops, due to evaporation, and as the whole 
of the plates must be covered by electro^te in order that 
the f uU capacity may be available, the level must be corrected 
from time to time. Nothing but water evaporates and there- 
fore only water (distilled or rain water) should be added. Of 
course^ electrolyte may be lost by spillage, in which case 
the loss should be made good by adding new electrolyte 
made up by adding one part by volume of pure sulphuric acid 
to three parts of distilled water. It is very important to re- 
member in this connection that under no conditions should 
water be poured into sulphuric acid — always the sulphuric 
acid into the water. The acid is poured slowly into the water 
while the solution is stirred with a wooden paddle. When the 
two are combined a chemical action takes place which gen- 
erates heat, and if water were poured into the acid the heat 
production would be apt to be so precipitate that steam would 
be formed and sulphuric acid be splashed around, which 
would be dangerous. Since sulphuric acid attacks most of 
the common metals, the solution must be prepared in glass or 
earthenware vessels. Before the newly formed solution is 
poured into the cells, it must be allowed to cool. The best 
time to add distilled water to cells to make up for loss by 
evaporation is before a charge. 

Charging — In charging a battery great care must be taken 
to make the proper connections. Usually the terminals of a 
battery are marked as to which is positive and which nega- 
tive, and the positive of the battery must be connected to the 
positive of the charging source and the negative of the bat- 
tery to the negative of the charging source. Only "continu- 
ous" current can be used for charging. 

It is in general better to charge at a comparatively slow rate 
than at a fast rate. Slow charging is more efficient than fast 
charging and is not injurious to the battery. In a self-con- 
tained lighting and starting system the rate of charge, of 
course, is determined by the design of the generator and its 
control system, and the rate is generally comparatively low. 
In charging from an independent source, battery makers usu- 
ally recommend that charging be started at a rate in amperes 
equal to one-sixth the capacity of the battery at a 10-hour 
discharge rate, that this be kept up until the cell registers 
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2.66 volts and that the charge be then continued at one-half 
or one-third this rate until either the voltage or the density 
of the electrolyte ceases to increase. For instance, in the 
case of a battery rated at 120 ampere-hours for a 10-hour dis- 
charge the charge would be begun at 20 amperes and contin- 
ued at that rate until the voltage were 2.55 per cell and 
would then be continued at 7 to 10 amperes. As soon as 
charging is stopped, the voltage drops, and when discharge 
begins it drops still further. This is the ideal method of 
charging and would be adopted where large batteries are con- 
cerned and the charging facilities permit, but in case of a 
small battery and especially if several somewhat different 
ones have to be charged in series at one time, it is best 
to use such a current that the charge will be completed in, 
say, 24 hours, at a uniform rate. 

Too high a rate of charge or discharge results in buckling 
of the plates and in shedding of active material. If too high 
a charging current is sent into the battery, and especially if 
a battery is overcharged, it will "gas" — ^that is, a myriad of 
small gas bubbles will be formed and rise to the surface, giv- 
ing the electrolyte a milky appearance. The bubbles are 
formed in the active material where the chemical action 
takes place and they tend to promote the shedding of the 
material. Continued overcharges are to be avoided, as they 
are both wasteful and injurious, but occasional overcharges 
at slow rates are to be recommended, as they overcome the 
tendency of the plates to become sulphated. 

Sulphating — During each discharge both the positive and 
negative plates become covered with lead sulphate, but in 
the normal use of the battery the sulphate is converted during 
the following charge to lead peroxide on the positive and 
spongy lead on the negative plate. If, however, the battery is 
allowed to stand in the discharged state for any length of time, 
the sulphate on the plates will harden, causing the phenome- 
non known as sulphating. This will result, when the battery 
is put in use again, in loss of capacity, buckling, shedding of 
active material and greater heating of the cells due to in- 
creased internal resistance. 

Sulphating can be cured by continued overcharging at a 
rather slow rate. This loosens the sulphate and restores the 
plates to their normal condition. 

Efficiency — A storage cell has a lower effective voltage 
on discharge than on charge, as may be seen from Fig. 15. 
Besides, the quantity of electricity in ampere-hours which 
can be obtained from it is also less than that sent into it in 
charging. Therefore, there is a certain loss in the battery 
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and its efficiency is always below 100%. It is customary to 
distinguish between ampere-hour efficiency and watt-hour 
efficiency, the former being the ratio of output to input in 
ampere-hours and the latter the ratio of output to input in 
watt-hours. The former is always the greater but the latter 
is the real efficiency in a commercial sense. 

Loss of Capacity — One of the most common troubles with 
storage batteries is loss of capacity. This may be due to 
one or another of three general causes, viz. : weak electrolyte, 
sulphating and shedding of active material. The gravity of 
the electrolyte should occasionally be tested at the completion 
of a charge, and if it is not at least 1.28, corrected by adding 
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extra strong electrolyte. Weak electrolyte has a greater elec- 
tric resistance than electrolyte of normal strength, as may 
be seen from Fig. 20, and as a result weakness of the elec- 
trolyte reduces the efficiency of the cell. During the whole 
life of a cell the active material is gradually shed from the 
plates and accumulates as sediment at the bottom of the 
cell. It must not come nearer than about % inch to the 
bottom of the plates, as there would then be danger of the 
plates being short-circuited by any additional active material 
that might be shed.' Formerly it was customary after a 
battery had been used for a certain length of time to remove 
the plates from the jars and wash the latter out, but at the 
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present time such high bridges are customarily provided that 
when the mud space underneath the plates is substantially 
filled with sediment, the cell has lost so much of its capacity 
that it is best to renew the plates. This has done away with 
washing the cells. 

If a car equipped with a storage battery for ignition is to 
be laid up for a period of time, it must be given a charge at 
least once every two months and also just prior to putting 
it into use again. As regards the installation and care of bat- 
teries for lighting and starting I cannot do better than to 
quote the following instructions issued by the Society of Auto- 
motive Engineers : 

S. A. E. Instructions 

1. Batteries must be properly installed. 
Keep battery securely fastened in place. 

Battery must be accessible to facilitate regular adding of 
water to, and occasional testing of, solution. Battery compart- 
ment must be ventilated and drained, must keep out water, 
oil and dirt and must not afford opportunity for anything to be 
laid on top of battery. Battery should have free air spaces 
on all sides, should rest on cleats rather than on a solid bot- 
tom and holding devices should grip case or case handles. A 
cover, cleat or bar pressing down on the cells or terminals 
must not be used. 

2. Keep battery and interior of battery compartment wiped 
clean and dry. 

Do not permit an open flame near the battery. 

Keep all small articles, especially of metal, out of and away 
from the battery. Keep terminals and connections coated 
with vaseline or grease. If solution has slopped or spilled, 
wipe off with waste wet with ammonia water. 

3. Pure water must be added to all cells regularly and at 
sufficiently frequent intervals to keep the solution at the proper 
height. 

The proper height for the solution is usually given on the 
instruction or name-plate on the battery. In all cases the 
solution must cover the battery plates. 

The frequency with which water must be added depends 
largely upon the battery, the system with which it is used and 
the condition of operation. Once every two weeks is recom- 
mended as good practice in cool weather, once every week in 
hot weather. 

Plugs must be removed to add water; then replaced and 
screwed home after filling. 

Do not use acid or electrolyte, only pure water. 

Do not use any water known to contain even small quan- 
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tities of salts of any kind. Distilled water, melted artificial 
ice or fresh rain water are recommended. 

Use only a clean, non-metallic vessel. 

Add water regularly, although the battery may seem to 
work all right without it. 

' 4. The best way to ascertain the condition of the battery is 
to test the specific gravity (density) of the solution in each 
cell with a hydrometer. 

This should be done regularly. 

A convenient time is when adding water, but the reading 
should be taken before, rather than after, adding the water. 

A reliable specific gravity test cannot be made after adding 
water and before it has been mixed by charging the battery 
or by running the car. 

The cut (see Fig. 18) illustrates a common and convenient 
form of hydrometer syringe to test the specific gravity of the 
electrolyte. To take a reading, insert the end of the rubber 
tube in the cell. Squeeze and then slowly release the rubber 
bulb, drawing up electrolyte from the cell .until the hydro- 
meter floats. The reading on the graduated stem of the 
hydrometer at the point where it emerges from the solution 
is the specific gravity of the electrolyte. After testing, the 
electrolyte must always be returned to the cell from which it 
was drawn. 

The gravity reading is expressed in "points;" thus the dif- 
ference between 1,250 and 1,275 is 25 points. 

5. When all cells are in good order the gravity will test 
about the same (within 25 points) in all. 

Gravity above 1,200 indicates battery more than half 
charged. 

Gravity below 1,200 but above 1,150 indicates battery less 
than half charged. 

When, battery is found to be half discharged, use lamps 
sparingly until by charging the battery the gravity is re- 
stored to at least 1,200. See Section 8. 

Gravity below 1,150 indicates battery completely discharged 
or "run down." 

A run-down battery should be given a full charge at once. 
See Sections 7 and 8. 

A run-down battery is always the result of lack of charge or 
waste of current. If, after having fully charged, the battery 
soon runs down again, there is trouble somewhere else in 
the system, which should be located and corrected. 

Putting acid or electrolyte into the cells to bring up specific 
gravity can do no good and may do great harm. Acid or elec- 
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trolyte should never be put into the battery except by an ex- 
perienced battery man. 

6. Gravity in one cell markedly lower than in the others, 
especially if successive readings show the difference to be 
increasing, indicates that the cell is not in good order. 

If the cell also regularly requires more water than the 
others, a leaky jar is indicated. 

Even a slow leak will rob a cell of all of its electrolyte in 
time, and a leaky jar should be immediately replaced with a 
good one. 

If there is no leak and if the gravity is or becomes 50 to 75 
points below that in the other cells, a partial short-circuit or 
other trouble within the cell is indicated. 

A partial short-circuit may, if neglected, seriously injure the 
battery and should receive the prompt attention of a good 
battery repair man. 

7. A battery charge is complete when, with charging cur- 
rent flowing at the rate given on the instruction-plate on the 
battery, all cells are gassing (bubbling) freely and evenly 
and the gravity of all cells has shown no further rise during 
one hour. 

The gravity of the solution in cells fully charged as above 
is 1,275 to 1,300. 

8. The best results in both starting and lighting service 
will be obtained when the system is so designed and adjusted 
that the battery is normally kept well charged, but without 
excessive overcharging. 

If, for any reason, an extra charge to maximum specific 
gravity is needed, it may be accomplished by running the en- 
gine idle, or by using direct current from an outside source. 

In charging from an outside source use direct current only. 
Limit the current to the proper rate in amperes by connect- 
ing a suitable resistance in series with the battery. Incan- 
descent lamps are convenient for this purpose. 

Connect the positive battery terminal (painted red, or 
marked POS or P or +) to the positive charging wire and 
negative to negative. If reversed, serious injury may result. 
Test charging wires for positive and negative with a volt- 
meter or by dipping the ends in a glass of water containing 
a few drops of electroljrte, when bubbles will form on the 
negative wire. 

9. A battery which is to stand idle should first be fully 
charged. See Sections 7 and 8. 

A battery not in active service may be kept in condition 
for use by giving it a freshening charge at least once every 
two months, but should preferably also be given a thorough 
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charge, after as idle period, before it is replaced in service. 

A battery which has stood idle for more than two months 
should be charged at one-half normal rate to maximum grav- 
ity before being replaced in service. 

It is not wise to permit a battery to stand for more than 
six months without charging. 

Disconnect the leads from a battery that is not in service 
80 that it may not lose through any slight leak in car wiring. 



Fig. 21 — Positive Plate op Edison Cell. 

The EdiBon Nickel-Alkaline Battery. — A storage battery 
employing nickel and iron salts for the active materials and 
an alkaline solution for the electrolyte has been invented 
by Thomas A. Edison. It is used extensively for the propul- 
sion of electric commercial vehicles, industrial trucks, etc., 
and has also been adapted for ignition and lighting pur- 
poses, and even for starting, though the high discharge rate 
entails a serious drop in voltage. All the structural elements 
of the Edison cell — the jar or can and the positive and nega- 
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tive plates — are made of sheet steel, nickel-plated. The 
positive plate (Fig. 21) consists of tubes of perforated sheet 
steel, arranged vertically and fitted into a sheet steel grid. 
The tubes are filled with the active material, nickel-hydrate, 
interspersed with thin layers of nickel flakea to increase the 
conductivity. They are spirally wound and the edges are 
double seamed. Nickel-plated steel rings are spaced along 
the tube on the outside to prevent it from expanding. 
Iron oxide mixed with mercury oxide serves as the nega- 



FiG. 22 — Negative Plate of Edison Cell. 

tive active material and is contained in rectangular pockets 
made of perforated nickel-plated steel ribbon (see Fig. 22). 
After the pockets have been filled with the active material, 
the plate is re-formed in a press which slightly corrugates 
the pockets and brings the sheet metal into more intimate 
contact with the active material, thus decreasing the inter- 
nal resistance. The plates are assembled into positive and 
negative groups respectively by means of threaded steel rods 
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passing through holes in one comer of the plates and steel 
spacing washers. To the middle of the rod ia secured a 
terminal post. ' The negative group always contains one 
more plate than the positive, for the same reason as in the 
case of the lead storage battery. In order to keep positive 
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Fig 24 — Detail of 

Edison Cell Vent 

Plug. 




and negative plates apart separators in the form of hard 
rubber rods are inserted between them. The can is made 
of thin sheet steel corrugated for stiffness in the larger 
sizes, with joints made by the oxy-acetylene welding process. 
Into this the element is inserted; it stands on hard rubber 
bridges on the bottom of the can and is kept out of contact 
with the sides of the latter by spacers of hard rubber over 
its ends. The cover for the can is also of sheet steel and 
contains gland fittings through which the electrodes pass, 
the gland nuts, washers and bushings being of insulating 
material A combined filling aperture and vent plug is se- 
cured to the center of the cover. Details of the insulation 
of the electrodes and of the vent plug are given in Fig. 24. 

The electrolyte consists of a 21 per cent solution of potas- 
sium hydrate in distilled water, to which is added a small 
amount of lithium hydrate. 

For 6-volt ignition and lighting service, 6-cell batteries 
are used, which are put up in wooden trays contained in a 
steel box that bolts to the battery support. The average 
voltage during discharge is 1.2 per cell, or 6 for the five 
cells. The voltage is not quite so constant as in the case 
of the lead battery. At the beginning of the discharge it 
stands at 1.46 volts, but it quickly drops to 1.3, and after 
about one-half the charge has been taken out, it is down to 
1.2. For a given capacity, the Edison cell is lighter than 
the lead cell, but somewhat bulkier. This comparison ap- 
plies to the cell proper and not to the complete battery with 
its wooden box or tray, which latter adds considerably to the 
bulk but not very much to the weight. At present, Edison 
batteries are made for lighting and ignition in two sizes, and 
the chief data of these are as follows : 

No. of Cells Volts Total Weight Dimensions 

5 6 25 lbs. gys^xes^^'xlO " 

5 6 40 lbs. S^'xe^^xlByz" 

The battery can be completely charged in 7 hours. Con- 
stant current charging is preferable, but constant potential 
charging is permissible, and if this method is used it is ad- 
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Fig. 25— Charge and Discharge Curves of Edison Cell. 

visable to start at a rate 50% greater than the normal rate, 
in which case the average rate v^ill be equal to the normal. 
Over-charging at the normal rate has no harmful effect, and 
it is recommended to give the battery a twelve-hour charge 
once every sixty days or when the electrolyte is renewed. 
Of course, when the battery forms part of a self-contained 
electric system on the car, all that is necessary is to see 
that the car is so driven and the charge regulator (if one is 
provided) so set that the charge never gets low. 

The electrolyte must be kept at a level so as to completely 
cover the plates, and any loss by evaporation must be made 
up by adding distilled water. No injury is suffered by the 
plates while the cells stand in a discharged condition. 

Among the precautions to be observed in caring for Edi- 
son batteries are the following : The cells externally must be 
kept clean and dry, because the container or can is made 
of conducting material. The filler caps must be kept closed, 
except when replenishing the electrolyte. The cells must be 
kept filled with electrolyte to the proper level. No tools or 
other metal pieces must be laid on top of the battery, and 
under no conditions mu3t acid be poured into the cells. 

Edison batteries are more expensive than lead batteries 
of equal capacity, but are claimed to have a much longer 
life. 



CHAPTER IV 



Magnetism 

When a freely suspended bar of steel or iron is brought 
into the vicinity of a wire carrying an electric current the 
bar tends to assume a position in a plane perpendicular to 
the wire. This is due to the fact that the electric current 
flowing through the wire creates a magnetic field of force in 
the vicinity of the wire, and the magnetic force acts on the 
steel bar or rod. So-called lines of magnetic force encircle 
the wire, as can very nicely be demonstrated by arranging 
the wire vertically, threading it through a sheet of white 
paraflined paper and sprinkling iron filings on the paper 
while the current is flowing. The filings will arrange them- 
selves with their longer dimensions transverse to the wire, 
in such a way as to form a series of circles around it. If 
the wire carrying the current is of considerable length, the 
strength of the magnetic force at any point in the vicinity of 
the wire is directly proportional to the current strength and 
inversely proportional to the distance from the wire. 

The Helix or Coil. — To produce a more intense magnetic 
field with a limited current, the wire must be wound into a 
helix (Fig. 26). It is readily seen that in that case all of 
the magnetic lines which would encircle the wire of the 
helix, if stretched out, within a distance equal to the diam- 
eter of the helix, will be within the latter. If, when the 
helix is looked at from one end, the current flows through it 
in a clockwise direction, then the direction of the lines of 
force is away from the observer. 

Such a helix has several peculiar properties. When freely 
suspended it will turn till its axis extends north and south. 
If a bar of iron or steel is brought near it, there will be 
mutual attraction between the two. In fact, the tendency 
of the current is to draw the metal piece into the center of 
the helix When a bar of irpn or steel is thus introduced 
into a helix through which an electric current flows, the 
magnetic effect becomes greatly augmented, owing to the 
fact that iron and steel, the so-called magnetic metals, offer 
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circuits. This law of the magnetic circuit is as follows: 

_, Magneto motive force 

Flux = p \ — z 

Reluctance 

The practical unit of magneto motive force is the ampere- 
turn, that is, a current of one ampere flowing through one 
convolution of the helix or coil. In any particular case the 
number of ampere turns is obtained by multiplying the num- 
ber of turns in a coil by the amperes flowing through it. 
The reluctance of a magnetic circuit is proportional to its 
length and inversely proportional to its cross-sectional area 
and its permeability. The permeability of air, which is con- 
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stant, is taken as unity. The permeability of the magnetic 
metals is not constant, but decreases as the flux density 



In general 

Length 



Reluctance = 



Cross Section X Permeability 
and if the length and section in this equation are given in 
centimeters and square centimeters, respectively, then the 
reluctance is obtained in international units known as oer- 
steds. However, all calculations can readily be made by 
using inch units, as will be shown further on. 

Fig. 30 is a diagram showing the relation between the flux 
density and the magneto motive force, in wrought iron and 
cast iron, respectively. It should be pointed out that this 
relation depends upon the composition and mechanical state 
of the material, and the curves represent average values 
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only. The density of magnetization B» or lines of force per 
square inch of cross section, is plotted along the vertical 
axis, and the magneto motive force required, in ampere- 
turns per inch in length, is plotted along the horizontal axis. 
It will be noticed that in the case of each of these metals, 
as the magneto motive force attains a considerable value, 
the flux density increases less rapidly. The point where the 
curve shows a decided bend is known as the saturation point. 
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Fig. 30 — Curves of Magnetic Induction. 

To produce a magnetic intensity of B lines per square inch 
in an air gap 1 inches long requires 

« ampere-turns 

and to produce the same intensity in magnetic material of 
permeability (a requires 

» ampere-turns. 

The permeability (x of a magnetic material is the ratio of 
the magneto motive force required to produce a certain flux 
density in air to the magneto motive force required to pro- 
duce the same flux density (lines per square inch) in the 
material under consideration. This factor varies with the 
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flux density, and its values for different densities B can be 
obtained from Fig. 31. It will be noticed that at the point 
where saturation begins the permeability has a value of 
about 1500 for wrought iron and about 500 for cast iron. 
This makes it plain why that part of any magnetic circuit 
passing through air should be as short as possible, as it 
takes hundreds of times the magneto motive force to pro- 
duce a certain flux density in air as in magnetic material, 
if length and cross sectional area are the same. 
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Pig. 31 — Curves op Magnetic Permeability. 

Permanent Magnets. — ^When a piece of hardened steel is 
subjected to a magnetic force it acquires permanent mag* 
netic properties, as already pointed out. When the outside 
magnetizing force ceases, the magnetic strength or flux 
decreases. In order that the permanent magnet may be 
comparatively strong and keep its strength well, the ratio 
of its length to its sectional area should be large, and the 
length of its air gap should be small as compared with the 
length of the magnet itself. In fact, the magnet will keep 
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ita strength best if its magnetic circuit is completely made 
up of magnetic material, and for this reason it is usual to 
provide horseshoe magnets with an armature or keeper A, 
Fig. 32, when they are not in use. 

If a bar magnet is broken in two, each half is a complete 
magnet, that is, it possesses both a north pole and a south 
pole. This shows that the coercive force which causes the 
field of force of a permanent magnet (and which corre- 
sponds to the magneto motive force in an electro magnet) 
is distributed over the whole length of the magnet. In fact, 
other things being equal, the coercive force varies directly 
as the length of the bar, and is independent of its cross 
section. This explains the ad- 
vantage of relatively long mag- y"^ ^^\^ 

nets, for if we double the lenp**- ^ ^ ""^ ^ 

of the magnet the averi 




length of the air path of the lines of force will not quite 
be doubled, and as the air path constitutes the chief reluc- 
tance the flux will be greater. In other words, the poles will 
be stronger. 

When comparatively large magnets are desired they are 
usually built up from a number of equal or nearly equal sec* 
tions. Probably the chief reason for this is that if the cross 
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section of the individual magnet is small the latter can more 
readily be hardened uniformly all through, and great hard- 
ness is one of the conditions of a high degree of permanence. 

Magnet Material. — The best results are obtained from per- 
manent magnets made of tungsten steel containing 5 td 6 
per cent of tungsten and from 0.60 to 0.75 per cent of car- 
bon. Equally high magnetic permeability is obtained with 
ordinary carbon steel, but the tungsten increases the degree 
of permanence. The two requirements in magnet steel, viz., 
high permeability and high retentivity, conflict with each 
other, as soft steel has the highest permeability and hard 
steel the highest retentivity. For this reason a compromise 
is made and a medium carbon steel used (less carbon than in 
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Pig. 34 — Curves of Increasing and Decreasing Induction. 

Fig. 35 — Hysteresis Curve. 



spring steel). The magnets are forged to shape at as low 
a temperature as possible, are then raised to a temperature 
of 1500-1600 degrees Fahr. and quenched in cold water or 
brine. In order to insure Uniform hardness they must be 
absolutely free from scale during the quenching operation. 
There are two methods of magnetizing or charging horse- 
shoe magnets. One consists in inserting the poles into 
solenoids or coils through which a powerful current is flow- 
ing, the other in applying them to the poles of a strong elec- 
tro magnet (Fig. 33). According to modern theory, the ef- 
fect of magnetization is to turn all of the molecules of the 
steel, which ordinarily lie in all possible directions, in a cer- 
tain direction, and to facilitate this turning motion it is the 
practice of some magnet makers to vibrate or tap the mag- 
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nets while they are under the magnetizing influence. An- 
other expedient which is believed to favorably influence 
the remanent magnetism is to decrease the magnetizing 
force gradually. 

After the magnetizing influence has ceased and the mag- 
netic flux in consequence decreased^ the magnet is in a some- 
what unstable state. There are three general causes tend- 
ing to further reduce its strength, viz., reverse magnetizing 
forces (which may be due to electric current flowing close 
to it), changes in temperature, and shock. For many pur- 
poses it is far more desirable to have a magnet whose 
strength will remain substantially constant throughout a 
long period than a magnet of the greatest possible initial 
strength, and in such cases an aging process is applied to 
the magnets after they have been magnetized. Probably the 
best aging process consists in applying to them all of the 
three demagnetizing influences above enumerated. That is, 
they may be tapped or tumbled and subjected to the action 
of live steam and to a comparatively small counter magneto 
motive force. Such an elaborate aging process is to be rec- 
ommended for magnets for measuring instruments whose 
permanency determines the dependability of the indications, 
but for ordinary purposes any one of the three processes 
alone will serve. 

Lifting Power of Magnets. — ^The force with which a horse- 
shoe magnet holds its armature may be calculated by means 
of the equation 

„ 2.7 X B* X 8 ^ 

^= 100,000,000 P^"°^^ 
where B represents the magnetic induction in lines per 
square inch and s the cross section in square inches. Elec- 
tro magnets are often used for lifting purposes, and will 
readily lift 125 pounds per square inch of section with a 
suflicient factor of safety. 

Hysteresis. — If a bar of iron is magnetized by a gradually 
increasing current, its magnetic induction will increase in 
accordance with the curve shown in Fig. 80. This same 
curve is reproduced on a smaller scale in Fig. 34, being rep- 
resented by ABC. If after a certain induction has been at- 
tained the current is gradually decreased, it will be found 
that the iron is more highly magnetized while the current 
has a certain value during the decrease than during the in- 
crease. The relation between the magnetizing force and the 
induction is represented in the figure by the curve CDE. 
This effect is due to the retentivity of the iron and steel, 
in consequence of which, as we have already seen, when the 



48 MAGNETISM. 

xnagnetizinfiT current ceases the steel retains a certain 
amount of magnetism. It requires a slight counter mag- 
neto motive force EA applied to the steel to deprive it of 
this magnetism. This value, EA, is a measure of the co- 
ercive force of the magnet. In certain practical applications 
of electro-magnets the magnetizing force is rapidly reversed 
in direction. The magnetization and demagnetization then 
follow the curve shown in Fig. 35. The fact that the iron 
does not spontaneously lose its magnetism when the mag- 
netizing force is removed, but actually has to be demag- 
netized by a counter magneto motive force, results in a cer- 
tain loss known as hysteresis loss. The area included be- 
tween the two curves in Fig. 85 is a measure of this loss, 
and the diagram is known as a hysteresis diagram. 



CHAPTER V 



Electromagnetic Induction 

It was stated in the preceding chapter that a wire carry- 
ing a current is encircled by lines of magnetic force. The 
density of these lines is greatest near the wire and de- 
creases with an increase in the distance from the wire. If 
now another wire be stretched parallel with the first and 
close to it» then the majority of the magnetic lines of force 
encircling the first wire will also encircle the second, which 
latter is not supposed to be connected to any source of cur- 
rent. There will be no effect on the second wire as long as 
the current in the first remains constant, but as soon as 
there is any change in the value of this current an electro- 
motive force will be induced in the second wire. Suppose 
that the current in the first wire is increased. Then the 
density of the magnetic lines of force in its vicinity is in- 
creased. The new lines may be supposed to emanate from 
the wire carrying the current and to expand until a state of 
equilibrium is attained. In doing so many of them will link 
the second wire and it is this linking of lines of magnetic 
force with a conductor that produces the electromotive 
force. When the current in the first wire decreases in value 
and in consequence the number of lines encircling the sec- 
ond wire is reduced, the result is exactly the same, except 
that the induced electromotive force in this case is in the 
opposite direction. In both cases the lines of force are cut 
by the conductor. 

In order to strengthen this effect we again substitute coils 
for straight wires. Suppose that two coils of wire be lo- 
cated coaxially and close together, as shown ^ in Fig. 86. 
Let one coil be in circuit with a source of current and let a 
current indicator or galvanometer be included in the cir- 
cuit of the second coil. Then when the first circuit, called 
the primary circuit, is either made or broken, the galvano- 
meter will indicate a current impulse in the other circuit, 
which is known as the secondary circuit. On the closing of 
the first circuit a certain number of lines of force are linked 

49 



i. * 



50 



ELECTROMAGNETIC INDUCTION. 



with each of the convolutions of the secondary coil» and on 
the opening of the primary circuit they are "unlinked." 

Law of Electro-Magnetic Induction. — This phenomenon of 
the action of a current-carrying conductor upon another con- 
ductor is known as electro-magnetic induction. It was dis- 
covered by Faraday, whose experimental results may be 
summed up as follows : ''If the number of magnetic lines of 
force through any circuit be varied by any means, an electro- 
motive force is set up in that circuit proportional at any in* 
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Pig. 36 — Illustrating Inductive Effect of One Coil Upon An- 
other Due to Starting and Stopping of Current in the Former. 

stant to the rate of change in the number of lines of force 
at that instant." 

There are, of course, various means of varying the mag- 
netic induction through a circuit. One method has already 
been described, viz., by starting and stopping a current in an 
adjacent circuit. Another method consists in introducing a 
magnet into a coil of wire or withdrawing it therefrom, as 
illustrated in Fig. 37. A third method consists in rotating 
a coil around a given axis in a magnetic field so that the plane 
of the coil is soon parallel and soon perpendicular to the 
lines of force. This is illustrated in Fig. 38. The arrows in 
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the latter figure show the directions, respectively, of the lines 
of force, the rotation and the induced electromotive force. 
The electromotive force in each case ia proportional to 
the rate of cutting the lines of force. If 100,000,000 lines are 
cut by one conductor in one second, then the electromotive 
force induced in that conductor is 1 volt. In the case of a 
coil of many turns the number of lines introduced into or 
withdrawn from the coil per second must be multiplied by the 
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number of turns in the coil to get the induced electromotive 
force. 

Direction of Induced Currents; — In the case of two parallel 
wires or two adjacent coils, if the current in the first in- 
creases the induced electromotive force in the second is 
opposite in direction to that in the first, but when the cur- 
rent in the first decreases the induced electromotive force 
in the second has the same direction as the current in the 
first. 

Self-induction. — Faraday's rule says that if the number of 
lines of force through any circuit be varied by any means an 
electromotive force will be set up in that circuit. One means 
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evidently consists in sending a variable current throush 
the circuit. This will cause a variation in the flux through 
the coil and induce in it what is called an electromotive 
force of self-induction. Aa long aa the current increases 
the electromotive force of self-induction is opposed to it, 
and tends to prevent its further increase, but when the cur- 
rent decreases, the electromotive force of aelf-induction is 
in line with the current and tends to prevent its further de- 
crease. One result of self-induction is that when a circuit 
including a source of current is closed the current doea not 
instantly attain its maximum value. Supposing the electro- 
motive force to be constant, the growth of the current Is 
represented by the curve in Fig. S9. Theoretically it takes 
an infinite time for the current to reach its maximum value, 
the quotient of the electromotive force by the resistance, 
which is represented by the straight horizontal line above 
the curve, but in practical cases it attains a value very near 
the maximum in an exceedingly short time — a small frac- 
tion of a second. The time which it takes for a current to 
attain a value equal to 63.2 per cent, of its maximum Is 
known as the time constant of the circuit. This is the greater 



Fig, 33 — Growth of Current after Circuit is Closed. 
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the higher the self -inductance. It is possible to make a coil 
without self-inductance by doubling up a wire and winding 
it on a spool that way» in which case there will be an equal 
number of positive and negative turns» and consequently no 
ampere-turns and no magnetic flux. The self-inductance of 
a circuit is equal to the number of lines of force set up by a 
current of 1 ampere. If the circuit consists of a given length 
of wire in a single loop the self-inductance will be compari- 
tively small. It can be increased by forming the wire into 
a coil, further increased by putting an iron core into the 
coil, and still further by providing the coil with a magnetic 
circuit wholly of iron. 

The effect of self-inductance may be clearly demonstrated 
as follows: Take a battery of six dry cells in series. Con- 
nect a wire to one of the terminals of the battery and brush 
it against the other. A hardly perceptible spark will be pro- 
duced as the circuit is broken. Now connect a so-called 
choke coil in circuit. This consists of a core of fine iron wire 
over which is wound a coil of insulated copper wire, of, say, 
No. 14 B. & S. gauge. When the circuit is again closed and 
broken by brushing the free end of the wire over a terminal, 
a very powerful spark is obtained. This shows that the 
electromotive force of self-induction in this case is very 
much greater than the electromotive force of the battery. 

Sine Wave. — Suppose that a single coil of wire, of rectan- 
gular shape, be rotated around a central axis in a magnetic 
field of uniform strength, as indicated in Fig. 38. The end 
portions of the coil move in a plane parallel to the lines of 
force and therefore do not cut any. The two sides of the 
coil, however, cut the lines more or less rapidly, according to 
their momentary position, and it will be seen that the electro 
motive forces induced in the two lengths of wire are in 
series and add together. Evidently, the lines are being cut 
at the highest rate when the coil is in the horizontal posi- 
tion (as shown), and this position corresponds to the maxi- 
mum induced electromotive force. As the coil passes by 
this position the electromotive force decreases, at first 
slowly and then more rapidly, and when the vertical position 
is reached the electromotive force is nil, because the sides 
of the coil move momentarily parallel with the lines of force. 
The next instant the direction of the induced electromotive 
force is reversed. The waves of electromotive force in- 
duced in such a coil may be represented by the curve shown 
in Fig. 40, which is known as a sine curve. If the circuit 
of the coil be closed then a current will flow in it which 
rises and falls and changes in direction substantially like 



54 



ELECTROMAGNETIC INDUCTION. 



the electromotive force. Such a current is known as an 
alternating current. 

In stating the value of the current or electromotive force 
in an alternating current circuit the average value during a 
half cycle is the proper figure to use. In the case of a true 
sine curve the average value is 63.7 per cent, of the maxi- 
mum, and is represented by the line a — a, in Fig. 40. How- 
ever, in commercial work alternating currents do not neces- 
sarily follow the sine curve, and the proportion between 
maximum and mean value therefore may be slightly dif- 
ferent. 

A rule for the direction of electromotive forces induced by 
the motion of a conductor in a magnetic field is as follows: 




Fig. 40 — Sine Curve. 



Extend the thumb, middle finger and index finger of the right 
hand at right angles to each other, as shown in Fig. 41. If 
the index finger indicates the direction of the lines of force 
and the thumb the direction of motion, then the middle fin- 
ger will indicate the direction of the induced electromo- 
tive force. 

Effects of Self-induction. — ^Referring to Fig. 42, we will 
suppose that a current represented by the sine curve C flows 
in a circuit having a certain self-inductance (see sketch in 
upper right-hand corner). Then the change in value and 
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direction of the current will set up an electromotive force 
of self -inductance of which we know that it is co-directional 
with the current when the latter decreases in value and op- 
posed to the current when the same increases in value. 
When the current does not change in value there is no change 
in the number of magnetic lines, and hence the electromo- 
tive force of self-inductance is nil. This is the case when 
the current has its maximum positive and negative values. 
At these points, therefore, the electromotive force of self- 
inductance is zero. These considerations enable us to draw 
a curve of the electromotive force of self-inductance, and 
this is represented by the dotted curve S, Fig. 42. NoW the 
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Fig. 41 — Sketch Illustrating a Method of Determining the 
Direction of Induced Electromotive Force. 



source of current has to overcome both the resistance of the 
circuit (sometimes called the ohmic resistance) and also the 
electromotive force of self-inductance, which is at least 
partly opposed to it. Since the electromotive force required 
to overcome the ohmic resistance is at every moment di- 
rectly proportional to the current, we may assume it to be 
also represented by the curve C. The electromotive force 
to overcome inductance is represented by curves S^, which is 
at every point equal and opposite to S, and the impressed 
electromotive force (that of the source of current) is the 
resultant of the two, which is represented by curve R. 

Current Lag. — It will be observed that the maximum cur- 
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rent does not occur at the same time as the maximum electro 
motive force, but a moment later. Also, the current changes 
direction a moment later than the electromotive force. The 
current is said to be out of phase with the electromotive 
force or to lag behind it, and this is due to the inductance 
of the circuit. This lag may be expressed in degrees. 
One of the most peculiar characteristics of an alternating 




Fig. 42 — Electromotive Force and Current Waves in an In- 
ductive Circuit. 

C — Current; also Electromotive Force Necessary to Overcome Ohmic 

Resistance. 

S — ^Blectromotive Force of Self-induction. 

Si — Electromotive Force Necessary to Overcome Self-induction. 

R — Total Applied Electromotive Force, or Resultant of C and Si. 

current circuit is shown by Fig. 42. At certain periods, just 
after the electromotive force has changed its direction, the 
current flows in a direction opposite to the electromotive 
force. This is true at the point represented by the line a — a, 
for instance. 

If the circuit in the case represented by Fig. 42 had only 
ohmic resistance, then the current flowing in it would be 
represented by curve R, instead of by curve C. Therefore, 
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the two chief effects of self-inductance in a circuit are to 
reduce the value of the current flowing and to cause it to 
lag behind the electromotive force in phase. In the par- 
ticular ease shown, the effects are not very great, but the 
current may be reduced to a small fraction of what it would 
be if there were ohmic resistance in circuit only, by making 
the self-inductance large in comparison with the ohmic re- 
sistance. 

Electrical Capacity. — An electric condenser consists of two 
surfaces of conducting material separated by a layer of in- 
sulating material. Such a condenser forms a reservoir for 
the storage of electrical energy. The capacity of a condenser 
varies directly as the area of the opposing surfaces and as a 
factor known as the specific inductive capacity of the in- 
sulating material, and inversely as the distance between the 
surfaces. The specific inductive capacity of air is taken as 



Fig. 43 — Diagram of a 
Condenser. 



unity, and the s. i. c.'s of the insulating materials most com- 
monly used in condensers are as follows: Parafiin, 2 — ^2.5; 
mica, 5 ; glass, 6.5 — 10. 

The quantity of electricity which a condenser will hold is 
equal to the product of its capacity and the voltage impressed 
upon it. This may perhaps be most readily understood by 
considering the electricity to be analogous to a compressible 
fluid, such as gas. The amount of gas a reservoir will hold 
depends upon the cubical contents of the reservoir and upon 
the pressure of the gas. The actual construction of con- 
densers for commercial purposes will be taken up later, and 
it will suffice here to state that it is customary to represent 
a condenser by the diagram shown in Fig. 43. 

Capacity Advances Phase of Current. — Capacity in an elec- 
tric circuit neutralizes more or less the effect of self-induc- 
tion. We have seen that self-induction causes a current to 
lag in phase. A capacity in parallel with the self -inductance 
will reduce this effect. Also,,self -inductance causes a power- 
ful spark to be produced when a current carrying circuit is 
broken. Capacity reduces the size of the spark and may 
eliminate it completely. How these results are accomplished 
may be explained as follows: 
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The capacitj', electromotive force and quantity of charge 
in a condenser are connected by the equation: 

Charge = capacity X E. M. F. 

Since the capacity is constant, it may be seen that any 
variations in the amount of charge would be accompanied by 
a corresponding or proportional variation in the electromo- 
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Fic. 44 — Electhomotivi; Force and Current Waves in a Cm- 
cinr Containing Seij'-Induction and Capacity in Parallel. 

and Y. 



tive force. But the rate of increase of the charge is the cur- 
rent. Hence we may write : 

Current (flowing into condenser) = Capacity X Rat« o' 
Change of Electromotive Force. 

We will now assume that a copdenser is connected in par- 
allel with a portion of a circuit having both ohmic resistance 
and aelf-induetance, as shown in Fig. 44, upper right-hand 
comer. This may be the same circuit as that shown in Fig. 
42, except that the condenser is added. In Fig. 44 the curves 
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of electromotive force and current are reproduced from Fig. 
42. The current here represented (curve C) is that flowing: 
through the inductive circuit, and the electromotive force 
(curve R) that active between points X and Y. This same 
electromotive force is impressed upon the condenser. We 
found that the current flowing into the condenser is at all 
times proportional to the rate of change of the impressed 
electromotive force. When the electromotive force in- 
creases the current is positive (above the line), when the 
electromotive force decreases ' the current is negative, when 
the electromotive force is at either the positive or negative 
maximum the current is nil, and when the electromotive 
force passes through the zero points the current is a maxi- 
mum. These considerations enable us to draw the curve D 
of current flowing into the condenser, which, it will be seen, 
is 90 degrees in advance of the impressed electromotive 




Fig. 45 — Condenser Shunted Across Circuit Breaker. 

fdrce. We now add the two current curves, C and D, to- 
gether, and obtain the curve E, which represents the com- 
bined current flowing in the circuit. It will be seen that 
this is very nearly in phase with the electromotive force 
represented by curve R. Hence the capacity neutralizes the 
phase distorting effect of self -inductance. 

Absorption of Extra Current by Condenser — In Fig. 45 is 
shown a circuit including a choke coil at A and a device B 
for breaking the circuit. It has been already pointed out 
that when a circuit including an inductive resistance like A 
is broken, a powerful spark is produced at the break, owing 
to the electromotive force of self-induction, which usually 
far exceeds the electromotive force normally active in the 
circuit. Another way of looking at the matter is as follows: 
The magnetic field of the choke coil A represents a certain 
store of energy, and as the circuit is broken and the current 
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decreases this energy is thrown into the circuit in the form 
of an extra current, and is dissipated in heat, owing to the 
resistance encountered by the extra current. The amount of 
energy stored up in a circuit is proportional to the coefficient 
of self-induction and to the square of the current Sowing 
previous to the break. 

Now, suppose a condenser C to be connected In shunt 
across the interrupter. As long aa the interrupter is closed 
there is no potential difference between opposite terminals 
of the condenser (points a and b), and it contains no charge. 
When the interrupter opens the circuit the potential differ- 
ence between points a and b quickly increases, and in ac- 
cordance with the principles explained in the foregoing, a 



TUL 46 — Altqinatino Curbent Transforhxb. 

current directly proportional to the increase in this poten- 
tial difference or electromotive force will flow into the con- 
denser and be absorbed there. If the condenser is of the 
proper capacity it will absorb all of the extra current and 
there will be no spark at the contact points when the circuit 
is broken. 

The power represented by an alternating current not in 
phase with its electromotive force is not equal to the product 
of the current into the electromotive force, but is less, de- 
pending upon the angle of lag. If the angle of lag is large a 
heavy current may flow in a circuit without much energy 
being expended. 

Motoal Induction. — ^When there is an inductive effect of 
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one coil upon another, as in the case illustrated in Fig. 36, we 
have mutual induction. If the two coils are so arranged 
relative to each other that practically all of the lines of 
force which pass through one must also pass through 
the other — ^that is, when there is little magnetic leakage — 
the electromotive force induced in the secondary coil is to 
that applied to the primary coil substantially as the number 
of turns in the secondary coil is to the number of turns in 
the primary coil. Supposing the secondary to have the great- 
er number of turns, the ratio of the secondary electromo- 
tive force to the primary electromotive force will not be 
quite as great as the ratio of secondary turns to primary 
turns, because a few of the magnetic lines of force passing 
through the primary coil will leak past the secondary coil, 
and also because there is some loss in primary voltage due 
to the ohmic resistance of the primary coil. 

The co-efficient of mutual induction of two coils is equal to 
the number of lines of force passing through the secondary 
winding multiplied by the number of turns in that winding, 
when there is a unit current flowing through the primary 
winding. The practical unit of mutual induction and self- 
induction is the henry. The co-efficient of mutual induction 
in henries multiplied by the rate of change of the primary 
current in amperes per second gives the electromotive force 
induced in the secondary winding in volts. 

From the above it will be seen that by winding a mag- 
netic core with one coil of a small number of turns and an- 
other of a large number of turns, we may increase the volt- 
age of an alternating current by making the former the pri- 
mary, and decrease the voltage by reversing the functions 
of the two windings. The coil with a large number of turns 
is made of a comparatively fine wire, and the other with a 
comparatively heavy wire. It is obvious that the electrical 
energy appearing in the secondary circuit must be slightly 
less than that in the primary circuit, and, therefore, if the 
voltage of the primary is multiplied, say, ten times in the 
secondary, then the secondary current will at most be not 
quite one-tenth the primary current. Therefore, a much 
finer wire will do for the secondary winding. An apparatus 
of this type, comprising a magnetic core and primary and 
secondary windings, is known as an alternating current 
transformer (Fig, 46), 
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Measuring Instruments 

Movable Coil Type of Instrument. — The most commonly 
used type of electric measuring instrument is that known 
as the D' Arsonval or movable coil type. It consists of a 
permanent magnet of the horseshoe type, between the poles 
of which is arranged a coil of wire carried on a spindle which 
is delicately supported in jeweled or hardened bearings. Se- 
cured to the coil is an indicating hand adapted to move over 
a scale on a dial plate. The movable coil, whose ends are 
electrically connected to contact pins or binding posts on the 
outside of the instrument, is held in the zero position by a 
spiral spring. When a current is sent through the coil it 
makes the latter a magnet whose poles react with those of 
the permanent magnet. The principle of the instrument is 
illustrated in Fig. 47. If we suppose that the current flows 
through the coil in such a direction as to make the top end 
of the coil the north pole, as indicated, then, since like poles 
repel and unlike poles attract each other, the coil tends to 
turn around in a clockwise direction, as indicated by the 
arrow. If there was no resistance to the turning motion of 
the coil it would continue until its axis was in line with the 
magnetic lines of force of the permanent magnet. In an 
actual instrument (Fig. 48), to assume this position it must 
overcome the spiral spring, the force of which increases with 
the angle through which it is wound up. The force tending 
to turn the coil around depends, of course, upon the current 
flowing through it ; hence the greater the current the greater 
the turning motion of the coil and of the indicating hand se- 
cured to it. Thus, by properly graduating the scale, the in- 
strument can be made to indicate the current flowing through 
it. Such an instrument, whose dial is graduated in amperes, 
is known as an ammeter. However, the full current flows 
through the coil of the ammeter only in case the currents 
which the instrument is intendent to measure are compara- 
tively small. If heavy currents are to be measured use is 
made of the principle that when a current may flow through 
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two paths In parallel it divides between them in the inverse 
proportion of their resistances. For instance, referring to 
Fig. 49, suppose that the coil of the instrument has a re- 



FlO. 47 — ILLUSFRATING PBINdPLB OF MOVABLE CoiL IHSTBUHENT. 




Fig. 48 — DiAOiAH of Movabuj Con. Inbibhueht. 

sistance of 99 ohms and is shunted by a wire having a re- 
sistance of 1 ohm. Then the current passing through the 
instmioe&t coil will be 1/99 of that passing through the 
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Fig. 49 — ^Illustrating Prin- 
ciple OF Ammeter Shunt. 



shunt and 1/100 of the total cur- 
rent passing through the two to- 
gether. As the deflection of the 
indicator hand depends upon the 
current pr^ssing through the coil, 
by placing the shunt across the 
coil a current 100 times as 
strong will have to be sent 
through the circuit to produce 
the same deflection as before. 
Any other multiplying factor 
may be obtained by using a 
shunt of the proper resistance. 
The current passing through the 

instrument coil is always a certain definite fraction of the 
total current in circuit and the scale can be graduated to show 
the total current. 

An instrument of exactly the same construction is used to 
measure electromotive force. In this instrument, graduated 
in volts and known as a voltmeter, the coil is wound with 
extremely fine wire and is connected between the points 
whose difference of potential is to be measured. The de- 
flections, as before, are dependent* upon the current flowing 
through the coil, but inasmuch as by Ohm's law 

E. M. F. = Current X Resistance, 
and the resistance of the coil is constant, the indications are 
proportional to the electromotive force applied to the ends 

of the coil. 

Solenoid TVpe of Meter 
— The principle of this 
type of instrument is illus- 
trated in Fig. 50. The cur- 
rent flows through a sole- 
noid which is curved to 
form an arc of about 120 
degrees just inside the 
housing of the instrument. 
Into this solenoid extends 
a piece of soft iron form- 
ing substantially a semi- 
circle. One end of this 
soft iron core is secured 
to the spindle of the in- 
strument which also car- 

_ ^^ „ -, ries the indicating hand. 

Fig. 50— SoLENoro Type of mi,^ „^**. i^^« ^r^^J^ia «/^* 

Instrument ^^^ »^^* ^^^^ c^^® i» ^^^^ 




MEASURING INSTRUMENTS. 65 

mally held in the zero position by a spiral spring. When in 
this position the free end of the core extends barely into the 
solenoid. It has been explained that a solenoid has a ten- 
dency to draw an iron core completely into it, or to such a 
position that the center of the core coincides with the center 
of the solenoid. The stronger the current flowing in the 
solenoid the greater the force tending to draw the core in 
and, consequently, the farther the spindle of the instrument 
will be turned around against the torsional resisting force of 
the spiral spring. Hence the motion of the pointer, which is 
secured to the spindle, Is a measure of the current flowing 
through the instrument. 

In some types of small instruments the scale divisions are 
not uniform throughout, but are smaller at one end than at 




the other, or smaller at the ends than in the middle. It is 
desirable, of course, to have fairly uniform scale divisions, 
as readings of equal accuracy can then be made of any cur- 
rent or voltage within the range of the instrument. To get 
a uniform scale in the solenoid type of instrument the con- 
volutions of the solenoid may be unevenly spaced along its 
length. 

Pocket and Dashboard Instmroents. — Electric measuring 
instruments used in connection with gasoline cars are of two 
kinds, viz., pocket instruments and dashboard instruments.' 
Fig. 61 shows a pocket ammeter and Fig. 52 a dashboard 
voltmeter. Pocket instruments are generally provided with 
one spur which is insulated in the housing of the instru- 
ment and to which one end of the coil or solenoid is con- 
nected, and one short length of insulated flexible cable with 
a contact pin at the end. By means of the spur and contact 
pin the meter can be quickly electrically connected to a bat- 
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tery or cell to be tested. Dashboard instruments are pro« 
vided with two binding posts to which the connections can 
be made. Some t3i)es of instruments, like the movable coil 
type, require that connections be made in a certaain way, in 
order that the instrument may give indications, while in 
other types, like the solenoid type, it is immaterial in which 
direction the current flows through. In the former types of 
instrument the two terminals are marked with the -f- and 
— sign respectively. 

Connections of Instruments. — ^Electric circuits in general 
consist of a source of current such as a battery, one or more 
current consuming devices, such as lamps, and wires con- 
necting the source of current and the consuming devices. 
Electrical instruments are used to determine the current 
flowing in the circuit and the electromotive force impressed 
on the circuit by the source. In Fig. 53 are illustrated the 
methods of connecting an ammeter and a voltmeter, respect- 
ively, to determine these factors. . To measure the current the 
circuit is broken at some place and the ammeter (A) is in- 
serted. To measure the voltage the voltmeter (V) is con- 
nected across the circuit, as shown. Of course, the voltage 
of a cell or battery can also be measured when no current 
consuming devices are connected to it and the contact points 
of the voltmeter are then pressed in contact with the two 
terminals of the cell or battery. 

In testing dry cells a pocket ammeter is used whose con- 
tact pins are pressed in contact with the terminals of the 
cell exactly as would the contact pins of a voltmeter. ' The 
indication thus obtained, of course, will not show the amount 
of current which the cell will deliver to any particular 
consuming device, but the current it will give on "short 
circuit," or which it will force through its own internal 
resistance, because in comparison with the latter the resist- 
ance of the ammeter is practically nil, and the cell may be 
considered closed upon itself. 

Short Circuits and Grounds. — Since the term "short cir- 
cuit" is here used, it may be well to explain its meaning as 
applied in electrical work. If in a circuit as depicted in 
Fig. 53 the two wires leading from the battery to the con- 
suming devices were electrically connected, at some point of 
their length, by a short, heavy wire, or were brought in di- 
rect contact by being placed side by side and the insulation 
chafed off, then there would be established a "short circuit" 
— one of the most common faults in electrical work. The 
effect of such a short circuit as just described would be that 
a very heavy current would be drawn from the battery. 



MEASURING INSTRUMENTS. 



67 



which would flow merely through the wires, and practically 
no current would flow through the consuming devices, a«« 
the resistance of the consuming devices would be very great 
as compared with that of the alternate path through the 
short circuit. This is a true short circuit. However, the 
term "short circuit" is applied to any undesired or accidental 
leakage path, whether of high or low resistance. 

Generally all the wires forming part of an electric cir- 
cuit, as well as the devices connected by them, are insulated. 
Where electric conductors are supported on a metallic frame- 
work, as in the case of an automobile, it will occur that the 
insulation at some part of the circuit becomes damaged and 
the conductor comes into metallic contact with the frame- 
work. The circuit is then said to be "grounded" (the Eng- 
lish use the term "earthed"). A ground is indicated dia- 
grammatically as shown in Fig. 54. All of the parts of the 
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Fig. 53 — Method op Connecting Voltmeter and Ammeter. 

automobile chassis are of good conducting material and of 
heavy section, consequently they offer very little resistance 
to the passage of current. Frequently the framework of the 
car is used for one side of a circuit. That is to say, the 
current flows from the source through an insulated wire to 
the consuming device. After passing through the con- 
suming device it passes through a "ground connection" into 
the frame of the car and through another ground connection 
it returns to the source. An electric wiring system employ- 
ing the car frame for the return conductor is known as a 
"single wire" or "ground return" system. Portions of a 
circuit often become grounded accidentally. A single ground 
on a "single wire" and grounds on opposite sides of a two 
wire system are equivalent to a short circuit. 

Use of Instruments. — In using electrical instruments, care 
should be taken not to expose them to currents or electro- 
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motive forces far beyond their range, 

as this would be injurious. An am- 

___^ZIIir meter, for instance, should neyer be 

connected directly to the terminals of 

a storage cell, as a storage cell thus 

Fig. 54-Diagram op s*^^^ circuited passes a current far 
Ground Connection, beyond the capacity of any of the 

usual automobile instruments. For 
testing storage cells as to state of charge, etc., a volt- 
meter should be used, in connection with the voltage curves 
(Fig. 15). Voltage readings of a storage battery should be 
taken only when the battery is charging or discharging, as 
readings taken when the battery is idle are apt to be mis- 
leading. For testing dry cells the ammeter is the best in- 
strument, but in making the test it should be applied to the 
cell only long enough for the pointer to come to rest, as the 
heavy drain on the cell is injurious to it. Ammeters for this 
purpose usually have a range up to 30 amperes. Voltmeters 
for ignition batteries have a scale up to 10 volts. However, 
voltmeters are made with many different ranges, and often 
they have two scales arranged concentrically. For instance, 
suppose that the upper or outer scale has a range 0-3 volts. 
If now we insert in the instrument a resistance equal to 
twice the resistance of the instrument coil and connect it in 
series with the latter, then, of course, the total resistance 
of the instrument being trebled, it requires three times the 
electromotive force as before to send a certain current 
through the instrument coil and cause a certain deflection 
of the needle. Therefore, the second scale will be three 
times as high as the first and will have a range of 9 volts. 
This would make the instrument suitable for accurately 
testing both single cells and 6-7 volt batteries. Of course, 
the instrument would be provided with a third binding post 
between which and the second binding post the resistance 
is connected. 

Double Range Instruments — ^Voltammeter. — Ammeters are 
also made with double scales. For one scale all of the cur- 
rent measured may pass through the coil or solenoid and for 
the other the coil or solenoid may be shunted, as already 
explained. In making connections to a dashboard ammeter, 
wires of a cross section easily able to carry the maximum 
current must be used. 

Ammeters and voltmeters are also combined into a single 
instrument and are then known as voltammeters. Sometimes 
these combined instruments possess two separate move- 
ments, but more frequently they have only separate coils, 
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the same movement showing both volts and amperes. In the 
latter ease there are three binding posts of which one is 
used for both volt and ampere readings and the other two 
are used for volt and ampere readings respectively. 



CHAPTER VII 



The Magneto Generator 

In the early years of electric ignition, when the motors 
usually had only one or two cylinders, batteries served 
almost exclusively as sources of ignition current. But as 
the number of cylinders was increased to four, and higher 
engine speeds also became customary, the drain on the bat- 
teries became so great that they had to be renewed or re- 
charged very frequently. This led to the adoption of me- 
chanical generators, chiefly magnetos. 

Construction. — A magneto generator consists essentially of 
two parts, the magnet frame and the armature. The former 
is the stationary, the latter the rotary part. The magnet 
frame (Fig. 55) is built up of a number of U-shaped magnets 
(though they are generally referred to as horseshoe mag- 
nets), from two upward, 
the individual magnets be- 
ing placed either all side by 
side or made in two sets, of 
which one straddles the 
other. U-shaped magnets 
of rectangular cross section 
are found in most mag- 
netos and may be regarded 
as standard, but there are 





Fig. 55 — Permanent Magnets, 
Pole Shoes and Base. 



Fig. 56 — Sketch Showing 
Shape of Armature Core. 
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a few makes of magnetos that have magnets of different 
shape. To the ends or poles of the magnets are secured 
pole pieces of soft cast iron or drawn steel, which are 
bored out to form an armature tunnel. At the bottom of 
the magnets is a base plate of nonmagnetic material 
(brass). The armature core is of the shuttle or H type, 
as shown in Fig. 56. Its central portion is built up of 
soft sheet iron discs which are held between end plates 
with lateral projections. The discs and end plates are held 



Fig. 67 — Ashatukg Core With End Plates and Shaftt. 

together by rivets. This soft iron core serves as a bridge 
for the magnetic lines of force in passing from one pole shoe 
to the other and also to carry the winding in which the cur- 
rent is induced. Before assembling, the discs are varnished 
so they will be practically insulated from each other. After 
the core is assembled it is thoroughly insulated and the 
wire is wound on. In practically all ignition magnetos one 
end of the armature winding is electrically connected to the 
armature core (grounded), while the other end is brought 
out to a collecting device. 

After the winding of the armature has been completed, 
two bands of steel wire are put around the armature, in 
grooves provided therefor in the core (see Fig, 57). These 
bands are tinned and clipped, and serve the purpose of pre- 
venting the armature wire from flying out and coming in 
contact with the magnet poles, under the action of centrif- 
ugal force when the armature is rotating at high speed. 

Principle of Action. — The action of the magneto generator 
will be readily understood from the principles explained 
under Electro Magnetic Induction. Normally, when at rest 
and free to turn, the armature rests in what may be called a 
horizontal position (A, Fig. 58). The path for the magnetic 
lines of force is then the easiest, and the magnetic flux 
through the armature is a maximum. For this reason the 
core has a strong tendency to return to this position when 
moved away from it. If now the armature be turned around 
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its axis there will at first be little change in the number 
of lines of force through it, for as long as a considerable 
portion of the armature poles is opposite the field poles 
there is little change in the magnetic reluctance of the cir- 
cuit. But as the armature poles move out from under the 
field poles (B, Fig. 68), the reluctance of the magnetic circuit 
increases and consequently the flux decreases. When the 
armature core is in a vertical position no lines of force pass 
through it from one of its poles to the other. This is the 
point where the direction of the flux through the core re- 
verses. Up to this point the lines have entered the core 
through what is now the upper pole piece of the armature 
and left through the lower, but when the core has passed 
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Fig. 58 — Diagrams Showing Distribution of Magnetic Flux for 

.Various Armature Positions. 

slightly farther on (C, Fig. 58) the lines enter through the 
bottom pole piece and leave through the top one. The in- 
duced electromotive force at any instant is proportional to 
the rate of change in the number of lines, and is a maximum 
(if the armature circuit is open, so that no current is flow- 
ing) when the armature core is in the vertical position. 
When the armature core is passing through the horizontal 
position (A, Fig. 58) there is no change in the number of 
lines of force through it and the induced electromotive force 
is nil. Since the armature passes twice through the hori- 
zontal position during each revolution, the induced e.m.f. is 
nil twice during each revolution, and it also passes through 
two maxima, a positive and a negative one. Fig. 59 shows 
the curve of the e.m.f . induced in a magneto armature when 
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no current is flowing. It is obvious that a magneto of this 
type gives an alternating current. 

Armature Reaction. — When the magneto is in service there 
is always a current flowing in the armature and this cur- 
rent has a certain influence on the magnetic flux through 
the armature core. The armature current sets up a field 
in a vertical direction and this combines with the field due 
to the permanent magnets as shown in the diagram Fig. 60. 
The fiux due to the permanent magnets is a maximum when 
the armature core is in position A and the fiux due to the 
armature current is a maximum 90 degrees later when the 
armature core is in a vertical position. In other words, the 
latter lags 90 degrees behind the former. In Fig. 61 the 
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Fig. 59 — ^CuRVE of Primary E. M. F. on Open Circuit. 

horizontal line represents the fiux due to the permanent 
magnets and the vertical line the fiux due to the armature 
current. The inclined line represents the resultant of the 
two both in direction and magnitude. We see from this 
figure that the effect of the armature current is to shift the 
magnetic field around in the direction of armature rotation, 
and, in consequence, the induced e.m.f. attains its maximum 
value not while the armature core is in a vertical position 
but a moment later. 

The armature is usually carried in ball bearings mounted 
in end plates secured to the magnet frame and base. The 
end of the armature winding is brought out to a collector 
pin passing through the armature shaft but insulated from 
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it, on which bears a carbon 
brush carried in an insulated 
brush holder and pressed 
against the pin by a flat spring. 
The brush holder connects with 
a binding post to which a wire 
or cable connection can be 
made. 

Variations in Size. — Magne- 
tos vary a good deal in size and 
weight, and as a rule* the small- 
est magnetos are found on the 
smallest motors. At first sight 
it seems strange that a larger 
magneto should be required to 
fire a large motor, but on fur- 
ther consideration there is 
found to be good reason for the 
practice referred to. To insure 
positive ignition the magneto 
must generate a certain mini- 
mum electromotive force. The 
e.m.f. which a magneto gener- 
ates is proportional to the mag- 
netic fiux through its armature, 
to the number of turns on the 
armature and to its speed of 
rotation. In a large magneto the flux through the armature 
and the number of turns will be greater, hence the minimum 
speed at which the magneto will produce an effective spark 
will be less. But a big motor of many cylinders cannot be 
cranked as fast as a small one and it generally also is re- 
quired to have a lower idling speed, hence a magneto for 
such a motor must be capable of generating a good spark at 
very low speed, and, in consequence, must be comparatively 
large. 

Some of the dimensions of magnetos have been standard- 
ized by the Society of Automotive Engineers with the object 
of making magnetos of different makes interchangeable on 
the same base. 




Fig. 60 — Diagram Showing 
Armature Gross Magnetiza- 
tion. 




Fig. 61 — Combining Mag- 
netic Effects Due to Per- 
manent Magnets and Arma- 
ture Current. 
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S. A. E. MAGNETO STANDARDS. 

Mm. Ina. 

Shaft height 45 1.771 

Distance from center of front base plate 

holes to large end of shaft taper ... 53 2.086 

Distance from center of front to center 

of rear base plate holes 50 1.968 

Distance between centers of base plate 

holes transversely 60 1.968 

Large diameter of taper 15 0.690 

Small diameter of taper 12 0.472 

Length of taper 16 0.590 

Taper 1:5 — 11° SC approximately. 
Woodruff key No. 3. 

Height of magneto space 8.00 

Length of magneto space 10.00 

Width of magneto space 6.00 

Plain hole of timer lever 0.26 

Tapped hole of timer lever y^ — ^28 

Base plate holes %— 16 U. S. S. 

Thread at end of shaft %— 16 

Length of thread 0.5905" 

Length of advance lever (center to 

center) ZVs inches. 



A, Contact Pin B, Carbon Block 
Fig. 62 — Two FoBMS of Maokgto Current Cou^ctors. 



CHAPTER VIII 



Low Tension Ignition 

So far as automobile practice ia concerned, low tension ig- 
nition is a thing of the past, but it may prove of interest 
from an historical standpoint to briefly review the low ten- 
sion systems formerly used for automobile ismition. The 
simplest was the battery low tension system used for single 
or double cylinder motors. 

Low Tension Spark Plug. — ^With such a system there is 
used a pair of electric contact terminals passing through a 
flanged block in the cylinder wall. Fig. 63 shows such a 
block, known as a low tension spark plug. It carries an in- 
sulated stationary terminal and a non-inaulated movable 
terminal, both of which are sometimes provided with in- 
serted contact points of some metal that does not readily 
oxidize at high temperatures. 
By a mechanism operated 
from the camshaft the two 
terminals are allowed to be 
brought, by means of a 
spring, into contact inside 
the cylinder an instant be- 
fore the apark is to take 
place, and are then abruptly 
drawn apart. The source of 
current may be either a bat- 
tery of 6-10 volts or a mag- 
neto generator. Included in 
the circuit with the battery 
and the spark plug is a 
choke coll or low tension 
apark coll. This consists 
merely of a core of soft iron 
wire about 1 inch in diam- 
eter and 10 inches long, over 
which is passed an insulated 
spool which is wound with 
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insulated copper wire, say three layers of about No. 14 B. 
ft S. for a voltage of 8. The electrical circuit is sketched 
In Fig. v,64, which also shows the switch for closing and 
opening it 

It will be understood that when the switch is closed and 
the engine is then turned until the spark terminals come in 
contact, a current will flow through the circuit. When the 
latter has attained nearly its full value the circuit is sud- 
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Fig. 64 — ^Low Tension Ignition CiRcurr. 

denly interrupted by the terminals breaking contact, where- 
upon a powerful spark is produced at the point of the break 
by the extra current resulting from the discharge of the 
energy stored up in the coil. 

Make-and-Break Mechanism. — Fig 65 shows one form of 
mechanism used for actuating the spark terminals. To the 
outer end of the movable terminal is secured a short lever 
arm A whose end passes over a vertical tappet rod B. The 
latter is forced upward by a cam C, thereby bringing the 
spark terminals inside the cylinder in contact. The excess 
motion of the tappet is taken up by the coiled spring D un- 
derneath the terminal arm. When the cam passes by the 
foot of the tappet B the latter is quickly lowered, owing to 
the pressure of the coiled spring E and its own weight, and 
the contact points are then separated. 

Fig. 66 shows a low tension ignition mechanism for a four- 
cylinder engine. The make-and-break mechanism here illus- 
trated is slightly different from that just described. Cam 
G forces rod F upward against the pressure of spring H and 
allows the lighter spring E to draw the spark terminals to- 
gether. Then the cam trips the rod and, owing to the pres- 
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sure of spring H, a blow is dealt 
'the arm of the movable ter- 
minal, which causes it to break 
contact sharply. 

Spark Timing — The moment 
at which the upward pressure 
on the rod is released and the 
downward pressure begins is 
definitely fixed and always cor- 
responds to a certain position 
of the engine crankshaft. How- 
ever, the spark occurs at a 
somewhat later period, when 
the two spark terminals begin 
to separate. The time interval 
between the moment when the 
peak of the cam passes from 
underneath the igniter rod and 
the moment when the terminals 
begin to separate depends upon 
the force of spring H and the 
inertia of the moving parts of 
the igniter mechanism, and is 
constant. But this constant 
time interval or igniter lag 
corresponds to a greater angu- 
lar motion of the crankshaft 
the higher the speed of the en- 
gine. Therefore, if the igniter 
rod were tripped at exactly the 
same moment, whatever the 
speed of the engine, the spark would occur later in the cycle 
of the engine when the latter was running at high speed than 
when it was running at low speed, which is the direct oppo- 
site of what is desirable. To make the spark always occur at 
exactly the same period in the cycle of the engine or to ad- 
vance it slightly as the engine speed increases it is necessary 
to trip the igniter rod earlier when the engine runs at high 
speed. This is accomplished by means of the bar L con- 
trolled by a bell crank by means of which the lower end 
of the igniter rod may be moved toward the right so that 
the igniter cam will trip it earlier in its revolution. This 
spark advancing mechanism is controlled by means of a 
lever at the driver's seat so that the driver can advance and 
retard the time of the spark at will as the engine is run- 
ning. 




Fig. 65 — Make-and-Break 
Mechanism. 
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It will be observed that all of the apark terminals are nor- 
mally apart. Each pair makes contact only a moment be- 
fore the epark is to be produced, and it is only during this 
short interval that the circuit is closed and the arc between 
contact points is maintained, that current is flowing. 

In Fig. 66 are shown two sources of current, the magneto 
U and the battery J, either of which can be used at will by 
means of the double throw switch ST. The spark coil K 
Is used only in connection with the battery, as the magneto 
armature has sufficient self-induction to produce a powerful 
spark when its circuit is opened. 

The chief reason why the low tension ignition system was 
discarded was undoubtedly that it involved the use of con- 
siderable delicate mechanism which was prone to be noisy. 
The complication of the mechanism in the ease of a multi- 
cylinder engine may be judged from Fig. 66. Contact points, 
of course, would wear out and sometimes would become 
short circuited by carbon and oil inside the cylinder. 

Magnetic Spark Plugs. — In another system of low tension 
ignition magnetically operated spark plugs take the place of 
the mechanically operated plugs. A well-known magnetic 
spark plug is the Bosch, of which 
a sectional vidw is shown herewith 
(Fig. 67). This consists primarily 
of three parts, a so-called iron clad 
electro magnet, a support which 
screws into the spark plug aper- 
ture in the engine cylinder, and the 
oscillating portions. The electro 
magnet consists of a shell A with 
cover B containing a coil D. 
Through this coil projects a cylin- 
der H, which is threaded at its 
lower end. A collar R with round 
neck forms the base of the magnet. 
The oscillating portions consist 
of three parts — a pole piece E, an 
armature F and a horseshoe shaped 
spring G, The lower part of E is 
threaded to fit the hollow cylinder 
H and is exteriorly formed to fit in- 
side the support K, in which it is 
held by a screw collar L. The sup- 
port is made with the upper half 

Fifl. 67-Sectiowal View ^^'^^S?"/! ^"1 **»« •°"«'' ^"^ 
OP Maonetio Spark Plug, threaded to fit the spark plug apeiv 
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ture. A steatite plug J in connection with gaskets insures 
gas-tightness. 

The terminal P having been connected to the source of 
current, when the current passes the coil D magnetizes core 
E. This draws armature F (which is pivoted on a knife 
edge on E) to the right, breaking the circuit between M and 
N, causing a spark to pass. A brass piece is placed so 
that the armature abutts against it, thus preventing ''stick- 
ing" between armature and pole piece due to residual mag- 
netism. Spring G tends to keep points M and N in contact. 
N is V-shaped, and M on the armature is ground to the same 
angle as the V portion of N. The source of current is a low 
tension magneto. 

Magnetic Plug System. — ^With the magnetic spark plug, 
the same as with the make-and-break mechanism, there is a 
certain time lag which causes the spark to occur later in 
the cycle when the engine is running at high speed. The 
fixed point is that at which the electric circuit is closed, 
which occurs always at the same point in the cycle of the 
engine. The current in the circuit must then grow to such a 
value that the attraction of the magnet core overcomes the 
force of the spring and the inertia of the movable part of 
the plug, which takes a certain definite time. In order to 
insure that ignition may occur always at the same point in 
the cycle of the engine, the device which closes the circuit 
must be so arranged that the time of closing can be ad- 
vanced as the speed of the engine increases. 

In addition to the timer, the circuit of a magnetic spark 




Fig. 68 — Diagram of Bosch Magnetic Spark Plug iGNrrioN 

System. 
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plug ignition system for multi-cylinder engines must contain 
A distributer which will cut the different magnetic spark 
plugs in and out of circuit with the source of current in the 
order in which they must spark or fire the charge. A dia- 
gram of the complete ignition system employing magnetic 
spark plugs, for a four-cylinder engine, is shown in Fig. 
68. In this cut M is the low tension magneto and T the in- 
terrupter or timer by which the circuit can be closed at an 
earlier or later point (within a certain range) in the engine 
cycle. This forms an integral part of the magneto. An al- 
most identical device is used in connection with modem high 
tension magnetos and a detailed description of the device 
will be given later on. 

The distributer, which makes connection successively to 
the different spark plugs, is designated by D. It consists of 
four contact points carried by a block of insulating material, 
and a rotating arm A which makes contact with the four 
points in turn. 
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Elements of a High Tension Battery System 

There are two distinct systems of electric ignition for in- 
ternal combustion engines, viz., the low tension system al- 
ready described, in which the arc which always accompanies 
the breaking of a current-carrying circuit is made use of, 
and the high tension system in which a sudden impulse of 
induced electromotive force causes a spark between terminals 
which come close together inside the engine cylinder. In low 
tension ignition the electromotive forces in play are compara- 
tively small. The e.m.f . of the source is generally only about 
six volts, and though the e.m.f . of self-induction, which causes 
the spark, considerably exceeds this, it is far lower in value 
than the e.m.f . required to cause a spark between two terminals 
at a distance of 1/32 inch. In the low. tension circuit, as the 
circuit is broken, the current volatilizes a small portion of the 
metal of the positive terminal, and this metal in the gasified 
state forms a conducting path of relatively low resistance; 
hence a comparatively low e.m.f . suffices to maintain the arc. 

The Induction Coil — To obtain the high electromotive 
force necessary with the high tension system to break down the 
resistance of the air gap, use is made of a form of transformer 
known as a high tension coil or induction coik It consists of 
a cylindrical core of soft iron wire over which is wound a pri- 
mary winding of relatively coarse wire and a secondary wind- 
ing of very fine wire, the latter having perhaps a hundred 
times the number of turns as the former. The primary wind- 
ing of this coil is connected in circuit with the source of 
current, an interrupter and a switch. (See Fig. 69.) The sec- 
ondary is connected in circuit with a spark plug which con- 
tains two terminals which are insulated from each other. The 
spark plug is screwed into the wall of the combustion chamber 
and its spark terminals come within a distance of 1/32 inch 
or less of each other inside the chamber. 

The Mechanical Vibrator — The interrupter is actuated 
from the engine crankshaft, so that it operates in synchronism 
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with the latter. The illustration, Fig. 69, shows a form of in- 
terrupter called a trembler or mechanical vibrator, which was 
much used in early years. It consists of a cam A with a tri- 
angular slot at one part of its circumference, a flat spring B 
with a nose at its free end, and an insulated, adjustable con- 
tact screw C, the point of which is located opposite a contact 
piece on spring B. Cam A is rotated at one-half the speed of 
the engine crankshaft, through so-called 2:1 gearing, a pinion 
on the crankshaft engaging with a gear of twice its number 
of teeth on the cam shaft. When the nose of the spring rides 
on the cylindrical surface of the cam the two contact points 
are out of contact, but when the slot on the cam comes opposite 
the nose on the spring, the flexure of the latter brings the 
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Fig. 69 — Diagram op High Tension Coil and Battery System. 

points in contact. In fact, the spring is set in vibration and 
contact is made and broken a number of times in quick sue- 
cession. 

**Make" and "Break" Induced E. M. Fs.— Upon the circuit 
being closed by the interrupter a current will be forced 
through the primary winding of the coil by the battery, this 
current increasing gradually, as illustrated by the curve shown 
in Fig. 39. The increase of the primary current induces an 
electromotive force in the secondary winding which is opposite 
in direction to the primary current. When the primary cir- 
cuit is broken by the interrupter the primary current de- 
creases, and this decrease results in another impulse of electro- 
motive force in the secondary winding, this one being in the 
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same direction as the primary current. The magnitude of this 
e.m.f. depends upon the number of turns in the secondary 
winding and also upon the rate of decrease of the primary 
current. The self-induction of the primary circuit opposes a 
quic*.k change in the magnitude of the current and upon the 
breaking of the circuit causes a spark to appear at the con- 
tact points of the interrupter. To prevent this spark and in- 
sure a quicker cessation of the primary current a condenser 
is connected in shunt to the interrupter to absorb the extra 
current of the primary circuit. This is indicated in Fig. 69. 

Owing to the provision of the condenser, the primary cur- 
rent decreases much faster upon the circuit being opened than 
it increases upon the circuit being closed, and, consequently, 
the secondary induced electromotive force corresponding to the 
break is much greater than that corresponding to the make 
of the primary circuit. The way high tension ignition systems 
are generally designed and operated, the secondary e.m.f . cor- 
responding to the closing of the primary circuit is insufficient 
to cause a spark to jump the gap between the terminals of the 
spark plug, and it is the e.m.f. corresponding to the opening 
of the primary circuit that is utilized for sparking. 

To produce a disruptive discharge between terminals sep- 
arated by an air space requires an enormous e.m.f., which 
varies with the length of the air gap and also depends to a 
certain extent upon the form of the terminals. It is of the 
order of 3000 volts per 1/16 inch. The following table shows 
the voltages required to produce a spark between metal balls 
1 centimeter in diameter, when different distances apart in the 
atmosphere : 

Distances Apart (cm.) Volts Required 

0.1 4.830 

0.5 16.890 

1.0 25.440 

1.5 29.340 

2.0 31.350 

3.0 37.200 

5.0 45.900 

10.0 56.100 

15.0 61.800 

In ignition work a spark has to be forced through a gap 
filled with a gaseous mixture under 5 to 7 atmospheres com- 
pression, and the compression greatly increases the resistance 
to the spark, hence calls for a still higher e.m.f . The relation 
between the compression pressure and the e.m.f. required to 
force a spark across a certain gap is shown in Fig. 70. 

The form of interrupter shown in Fig. 69 was soon aban- 



86 ELEMENTS OF A HIGH TENSION BATTERY SYSTEM. 



doned, on account of the difficulty of keeping it adjusted. Its 
place was taken by a so-called magnetic vibrator or buzzer 
which is used in connection with a timer. The object of the 
latter is merely to close the circuit for a certain period dur- 
ing each cycle of the engine. As soon as the circuit is closed 
by the timer the magnetic vibrator begins to operate, opening 
and closing the circuit a number of times and producing a 
series of sparks in the cylinder. 

Magnetic Vibrator— Fig. 71 shows a typical design of 
magnetic vibrator. It consists of a fint steel spring A, which 
has riveted to it a disc £ of soft iron, which acts as armature 
to the core C of the induction coil. The flat spring is rigidly 
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Fig. 70 — ^Variation op Spark Voltage Across a 0.020 Inch Gap 
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held at one end by the support D mounted on the end of the 
coil, and its other end carries the contact point c, which is 
normally in contact with a similar point c*, carried by a bridge 
E, also mounted on the end of the coil box. Between support D 
and armature B there is an adjusting nut F, which passes 
through a slot in spring A and is adapted to move up and 
down on a screw secured in the head of the coil box. The 
spring rests on a shoulder of this nut and is thereby placed 
under tension so as to cause the contact points c and c^ to make 
contact. By unscrewing nut F the pressure at the contact 
points can be increased, and vice versa, and the adjusting nut 
F is automatically locked in any position by means of a spring 
steel latch secured to the support D, engaging into notches on 
a flange nut F. 
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Normally the two contact points are in contact, so that 
there is no break in the circuit at this point. If now the pri- 
mary circuit is closed by the timer, a current will start to flow 
through the primary winding of the coil, whereby the core of 
the coil will become magnetized. It will then attract armature 
B against the force of spring A, whereby the circuit is broken 
at the contact points c. c*. As soon as the circuit is broken the 
current ceases to flow through the primary winding of the coil, 
the core loses its magnetism and armature B recedes from the 
end of the core under the tension of the spring. Contact is 
then re-established at points c c*, the current flows once more 
through the primary winding and attracts the armature, there- 
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Fig. 71 — Magnetic Vibrator. 

by again breaking the circuit. This continues as long as the 
circuit remains closed at the timer. These magnetic vibrators 
have a periodicity of from 100 to 400 per second, depending 
upon dimensions and other features, 200 per second being a 
good average. 

ConstnictioR ot Coil — The central part of the spark coil is 
the core, which is made of very thin, highly annealed iron wire. 
It is necessary to anneal the iron because it has to be mag- 
netized and demagnetized at a very rapid rate, and if it were 
not made of very soft iron there would be considerable hys- 
teresis loss. Ignition coils vary considerably in size, but in 
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the two most common sizes the core is 5 and 6 inches long and 
% and % inch in diameter, respectively, the usual ratio of 
len^rth to diameter being 8. Upon the core is wound the pri- 
mary winding, which consists of so-called magnet wire, usually 
double cotton covered, two layers of No. 16-18 B. & S. gauge. 
The primary winding is then covered with a layer of insulat- 
ing material, which in some cases is in the form of a hard 
rubber tube, and over this is placed the secondary winding, 
which consists of some 20,000 turns of very fine wire, about 
No. 36, silk covered. The writer has on hand data of a great 
many coils wound for operation on 4 and 6 dry cells, in which 
the primary resistance ranged between M and % ohm and the 
secondary resistance between 2000 and 4000 ohms. While 
the secondary winding may have only about one hundred times 
as many turns as the primary, it must not be inferred from 
statements made under the heading of Electromagnetic Induc- 
tion that the secondary induced electromotive force will be 
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Fig. 72 — Sectional View op Coil. 



only one hundred times that impressed upon the primary wind- 
ing. This holds good only in case an alternating current flows 
through the primary winding. When a primary current is 
suddenly interrupted, as in this case, the ratio of the maxi- 
mum value of the secondary induced e.m.f . to the e.m.f. which 
caused the current in the primary circuit is far greater than 
the ratio of the number of turns. 

The secondary is usually wound separately and after suit- 
able treatment is placed in position over the primary. Great 
care has to be used to insure perfect insulation of the sec- 
ondary winding, because the electromotive force between its 
terminals when in operation is sufficient to cause a spark in 
the atmosphere about % inch long. 

Vacunm Impregnating Process — ^To further improve the 
insulation of the coil it is impregnated with paraffin or with a 
composition of beeswax and rosin, about one part of the for- 
mer to three of the latter. Formerly this impregnating proc* 
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ess was applied in the atmosphere, but the coils always held 
some moisture in the insulating material and air bubbles or 
traps would often form inside the coil, excluding the insulating 
composition and thus forming weak spots. To obviate this, 
coils are now impregnated in vacuum. In applying the vacuum 
impregnating process, use is made of a vessel of cast iron or 
heavy sheet steel with a cover screwed on to make it air-tight. 
Inside the vessel is a coil of steam pipe and l^ve steam is sent 
through this coil to heat the vessel. After the coils have 
been placed inside and the vessel has been closed, the steam 
is turned on and at the same time the air is exhausted from 
the vessel by means of an air pump connected with it. Be- 
tween the air pump and the vessel is arranged a condenser in 
which any moisture held by the air in the vessel condenses. 
The coils are subjected to the heat in the vacuum for a couple ' 
of hours, which insures the removal of all air and moisture 
from* them. Then the insulating compound, which has been 
melted in another adjacent vessel, is drawn into the impreg- 
nating vessel through a valve, without breaking the vacuum 
in the latter. After the coils have been immersed in the in- 
sulating compound for a sufficient length of time to make sure 
that the latter has well penetrated, the air pump is run so as 
to act as a compressor and force air into the impregnating 
vessel until a pressure of four atmospheres or so is reached. 
This makes complete penetration of the insulating compound 
doubly sure. Then the valve through which the insulating 
compound entered the impregnating chamber is opened and the 
compound is forced out by the air pressure. 

The Condenser — In order to insure a quick cessation of the 
primary current and prevent destructive arcing at the vi- 
brator contact points a condenser is always incorporated with 
an induction coil. A condenser is made up of sheets of tin 
foil (conducting material) and sheets of paraffined paper, or, 
where compactness is very essential, mica. In making a con- 
denser, rectangular sheets of paraffined paper and of tin foil 
are first prepared in considerable number, all sheets of either 
material being alike. The paper is cut to such a size that it 
will overlap the tin foil all around, except at one side or one 
corner. The individual sheets are then piled on top of one an- 
other as follows: A sheet of paper, a sheet of tin foil over- 
lapping the paper at one side or corner, a sheet of paper, a 
sheet of tin foil overlapping on the opposite side or comer, a 
sheet of paper, a sheet of tin foil overlapping on the same side 
as the first, and so on — ^that is, always a sheet of paper between 
successive sheets of tin foil and successive sheets of tin foil 
overlapping the paper on opposite sides. This is illustrated 
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in Fig. 73. After all of the sheets have been assembled they 
are bound together by means of rubber bands or tape, the 
overlapping portions of the tin foil are riveted together and 
leads of stranded wire are connected to the rivets. It may 
here be pointed out that the leads from the primary and sec- 
ondary coil are also made of stranded wire so there is no dan- 
ger of breaking them off. 

Of late condensers are generally being wound of strips of 
tin foil and paper, taken from spools, this being a better pro- 
duction method than that described above. Two spools of 
tin foil and two of paper are used. 

The coil, together with the condenser, is placed in a wooden 
box with dove-tailed joints, the condenser being either wrapped 
around the coil or placed beside it, in which latter case the 




Fig. 73 — Method op Building Up Condenser. 

box has a rectangular cross section. The coil is anchored in 
the box by means of insulating compound poured into the box 
after the coil is in place. 

Of course, the capacity of the condenser, which depends upon 
the aggregate surface of the tin-foil sheets directly opposed, 
upon the "closeness" of adjacent sheets and upon the character 
of the dielectric (insulating material) is proportioned to the 
dimensions of the coil itself. Its best value is determined in 
the first place experimentally by varying it until no spark is 
observable at the vibrator. 

Connections of Coil — So far as the operation of the coil is 
concerned, there is no need for any electrical connection be- 
tween the primary and secondary winding, the electrical en- 
ergy being transferred from one to the other through the in- 
termediary of the magnetic lines of force, which interlink both. 
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However, for the sake of simplicity of external coanectioas 
the beginning of the secondary winding is usually connected 
to the end of the primary winding. Both the primary and 
the secondary circuits have a "ground return" which necessi- 
tates that one end of both the primary and the secondary 
winding of the coil be placed in positive metallic connection 
 with the engine or car frame. By connecting the primary 
and secondary windings as described, a single wire from the 
coil to the engine frame will serve to ground both windings. 
The average coil, therefore, has only three terminals, viz., one 
primary terminal, one secondary terminal and one common 
terminal. 

The Timer — The function of the timer, as already ex- 
plained, is to close the primary circuit during a certain portion 




Fig. 74 — RoixEB Contact Timer. 



of each cycle of the engine (two revolutions of a four stroke, 
one revolution of a two stroke engine). It consists of two 
parts, one stationary, the other revolving. The most popular 
type is the roller contact timer, which is illustrated in Fig. 
74. It consists of a cylindrical housing A, of insulating ma- 
terial, in which is embedded a metal contact segment B, flush 
with the inner cylindrical surface. This segment carries a 
binding post projecting from the outside of the housing. Cen- 
trally within the housing is the end of the shaft C, which 
is driven through gearing from the crankshaft in such a ratio 
that it makes one revolution for every cycle of the engine, 1. e., 
for every revolution of a two-stroke engine and for every two 
revolutions of a four-stroke engine. To this shaft is secured 
a hub D with a radial arm, at the end of which is f ulcrumed a 
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lever £, one arm of which carries a roller F, which is pressed 
in contact with the inner surface of the housing by means of 
a coiled sprins: extending between the end of the other arm 
and a lug on the hub. All of the rotating parts of the timer 
ara grounded, because the shaft forma part of the metallic 
mass of the engine. However, this ground is somewhat unre- 
liable, because there is a film of oil between the shaft and its  
bearing and also between the gear teeth; hence it is customary 
to provide a special ground connection. Referring to Fig. 74, 
a brush G is carried in the center of the cover plate H and is 
pressed by means of a spring against the end of shaft C. A 
grounding wire ia run from the brush holder K to some point 



on the engine frame. When the roller is in contact with the 
metallic segment B, it completes the primary circuit. 

Timer shafts are usually arranged vertically and extend as 
high as the top of the engine cylinders, where the timer is 
very accessible. The back or bottom of the timer housing is 
a casting and contains a bearing by means of which the timer 
is supported on the shaft. The top is a cover plate (usuelly 
aluminum) held in place by some quick acting locking device. 

Primary and Secondary Circuita — Fig, 75 shows in dia- 
gram a complete high tension battery and coil ignition system 
for a single cylinder engine, in which a timer and magnetic 
vibrator are used. Both the primary and the secondary circuit 
are readily traced out in this diagram. Starting from the bat* 
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tery the primary current flows through the switch^ the mag- 
netic vibrator, the primary winding of the coil, through the 
ground connection of the coil, through the engine frame, 
through the timer and back to the battery. The secondary 
current, originating in the secondary winding of the coil, 
flows through a high tension cable to the spark plug and 
thence through the engine frame and ground connection back 
to the secondary winding. 

Why Variable Timing Is Needed — In the operation of this 
system the action of the ignition mechanism which is fixed in 
time relative to the cycle of the engine is the closing of the 
primary circuit by the timer. That is to say, whether the en- 
gine runs fast or slow, when the circuit is closed by the timer 
the engine crankshaft is always in a certain definite position. 
But between the moment the circuit is closed and the moment 
the spark passes there is a certain time interval. The cur- 
rent in the primary circuit rises gradually and it takes a cer- 
tain time for it to attain such a value that it may overcome 
the force of the vibrator spring and open the circuit. This 
time interval between the closing of the circuit by the timer 
and the occurrence of the spark is constant, but it corresponds 
to a greater arc of revolution of the crankshaft when the 
engine is running at high speed than when it is running at low 
speed. It will thus be seen that the spark will occur later 
in the cycle when the engine is running fast than when it is 
running slowly. This is the exact opposite of what is required, 
because it takes a certain length of time for the flame, which 
starts from the spark terminals, to spread throughout the 
mass of combustible charge, which time is negligible in com- 
parison with the time of a cycle at 500 revolutions per minute 
but not at 2000 revolutions per minute. Therefore, it is neces- 
sary that the moment of closing the primary circuit with 
respect to the cycle of the engine be advanced as the engine 
speed increases. This is accomplished by mounting the shell 
of the timer so it can be rocked around its axis. The housing 
is provided with a lug from which a lever and link connection 
is made to a "spark lever" on the steering hand wheel or on 
the steering x)ost, so that the driver can vary the position of 
the timer housing from his seat. In Fig. 76 the crank arm is 
shown in full lines in the dead centre position, and the timer 
roller has a moment ago established contact with the timer 
segifient, so that the spark may be assumed to occur at this 
moment, that is, when the crank is in the dead centre posi- 
tion. If now the timer housing be turned through a certain 
angle in the direction of the arrow, as indicated by the dotted 
outlines of the timer lug and terminal, then the spark in the 
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Fig. 76 — Illustrating the Principle op Variable Timing. 

engine cylinder will occur only when the crank has assumed 
the position indicated by the dotted lines, that is considerably 
later. If the housing is turned in the direction in which the 
timer shaft revolves (as indicated by the arrow), the circuit 
is closed later in the cycle, and consequently the spark occurs 
later, and if the housing is revolved in the opposite direction 
the fipark occurs earlier. The ignition lag, i.e., the time in- 
terval between the closing of the primary circuit and the be- 
ginning of the spark in the secondary circuit, amounts with 
different coils to from 0.005 to 0.008 second. 

Oscillograph Diagrams— Fig. 77 is a so-called oscillo- 
graph diagram of the primary and secondary currents in a 
battery and coil, high tension ignition system, which was ob- 




PrimaryOdrjcaf, 



_JV_JV_JV 



r^iterla^ 



.05 Sec.' 



>5eoi}f9otaryCunmt 



Fig. 



77 — Oscillograph Diagram op Primary and Secondary 

Currents. 



ELEMENTS OP A HIGH TENSION BATTERY SYSTEM. 95 

tained by Prof. F. W. Springer. The dotted vertical line at the 
left represents the moment of closing the primary circuit. At 
this moment the current begins to flow in the primary circuit, 
increasing in value gradually. The resistance of this circuit 
is such that the current would attain a value of 5 amperes if 
the circuit remained closed long enough. However, when the 
current has attained a value of about 4 amperes the circuit 
is broken by the magnetic vibrator, and the current then falls 
off very rapidly. 

It will be noticed that there is no current in the secondary 
circuit during the period the primary current increases, which 
is due to the fact that the e.m.f . induced in the secondary 
during this period is not sufficient to break down the resistance 
of the gap between the terminals of the spark plug. The 
spark occurs when the primary current decreases, and it is 
interesting to note that it attains its maximum value in- 
stantly, this having been confirmed by numerous oscillograph 
tests. The right-hand dotted vertical line represents the mo- 
ment the primary circuit is broken by the timer. 

With a magnetic vibrator system there is always a series 
of sparks in each cylinder when the engine runs at low speed, 
hence, if the first spark does not fire the charge, it may still 
be fired by one of the succeeding ones. 



CHAPTER X 



The Sparic Plug 

The spark plug, that member of the high tension system 
at which the ignition spark is produced, has to operate under 
very severe conditions, because in addition to being sub- 
jected to enormous electromotive forces it must also with- 
stand very high temperatures. The plug consists essentially 
of three parts, viz., a steel shell which screws into the 
spark plug hole in the cylinder wall, and which forms one 
electrode of the plug; the central electrode, which consists of 
a steel rod, and an insulator between the central electrode 
and the shell. Among the insulators employed for spark 
plugs may be mentioned porcelain, steatite (soapstone), glass, 
lava and mica. The insulator must not only possess high 
insulating qualities, but it must also be capable of withstand- 
ing extremely high temperatures and considerable mechanical 
pressure. Porcelain is probably used most extensively, but 
special grades of porcelain of an exceedingly fine texture and 
not apt to crack under the effects of alternate heating and cool- 
ing, are required. 

Insulators — Spark plugs may be divided into two classes, 
according to whether they are made in one piece or de- 
mountable. Where porcelain insulators are used they are 
generally demountable, the porcelain being provided with a 
circumferential flange at mid-length by which it is clamped 
between a shoulder on the inside of the shell and a screw 
bushing. (Fig. 78.) Copper-asbestos or asbestos cord gaskets 
are placed between the porcelain and metal parts to insure 
a gas-tight joint and to prevent injury to the insulator from 
undue mechanical pressure. Some other forms of insulators, 
like steatite, being less fragile, do not require these gaskets, 
and when these insulators are employed the plugs are gen- 
erally made in one piece, the insulator being set in cement 
in the shell. Among the advantages of mica are that it is 
a first-class insulator and that it cannot be injured by any 
ordinary mechanical pressure, but it is subject to the ob- 
jection that the insulator must be built up of discs and that 
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even thougn it may be strongly compressed there ■still re- 
main minute interstices into which conducting fluida may 
penetrate. To prevent a conducting path being formed 
through these interstices extending all the way from the outer 
shell to the central electrode, the latter is usually provided 
with a wrapping of sheet mica over which the mica discs are 
stripped. (Fig. 79.). 

In porcelain plugs the central electrode is generally ce- 
mented into the porcelain, while formerly it was usually 
clamped into it, being provided with a head at the inner and 
a nut at the outer end. When cemented in place by means 
of a quick drying, heat resisting cement, the major portion 



of the length of the central electrode is mad& very thin, 
the reason being that the porcelain and the metal electrode 
do not expand and contract equally when subjected to changes 
in temperature, and when the electrode is very thin the por- 
celain is better able to withstand the strains due to this un- 
equal expansion. In order to enable the binding screw of the 
central electrode to withstand any twisting strains that may 
be put upon it, it is brazed or welded to a cap which is an- 
chored on the 'porcelain. Sometimes the central electrode ia 
threaded over its whole length to insure a good grip. 

Spark Points — In many plugs a wire of nickel, German 
silver or some other non-oxidizing metal is fastened into the 
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inner egd of the shell and bent to come very close to the pro- 
truding portion of the central electrode. The spark gap is 
made about 1/32 inch for battery ignition and a little more than 
one-half that for magneto ignition, the obvious reason for 
the smaller length of gap for magneto ignition being that a 
lower e.m.f, is required to cause a spark to pass, hence the 
engine need not be cranked so fast to generate a spark for 
starting. Also, for magneto ignition, on -account of the greater 
volume of the spark, the spark terminals are made heavier so 
they will not be burned away quickly by the heat of the spark. 
Multiple Spark Points — There are many plugs on the 
market with multiple spark gaps. The spark, of course, always 



Small Hex., % in. across Flats. Large Hex., IH in. across Flats. 
Fig. so — S. A. E. Standard Sfabk Pluc Shells. 

Nominal Minimum Ma:!imum 
A (outside diameter) 0.876 0.872 0.875 

B (pitch diameter) 0.839 0.836 0.839 

G (root diameter) 0.803 0.800 0.803 

takes the easiest path, and only one of the gaps serves at 
any one time, but owing to the fact that the gap is likely to 
increase in length by reason of the burning away of the 
positive electrode by the spark, the different gaps will come 
into use in succession. 

In one spark plug with three paths the three wires fas- 
tened into the shell have their ends opposite the central elec- 
trode flattened into a crescent, which is said to give a sheet of 
flame instead of a more compact spark, whereby the firing 
power is believed to be increased. 

Spark Plug Threads — There are three standard forms of 
threads for spark plug shells. The S.A.E. standard is a 
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straight thread Vs inch in diameter and having 18 threads 
to the inch. The metric standard has a straight thread 18 
millimeters in diameter and a pitch of IV2 millimeters. Both 
of these straight thread plugs must be provided with a copper- 
asbestos gasket under their shoulder to prevent gas leakage. 
The third thread is a taper thread, the ^/2-inch standard pipe 
thread, which makes a gas-tight joint without a gasket. Plugs 
with taper threads must not be screwed too tight into the 
cylinder when the latter is hot, as it is then practically impos- 
sible to get them out, for later on the cylinder and plug will 
always be of substantially the same temperature and whether 
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Pio. 81 — S. A. E. Standard Metric Plug Shell. 
(18 Min. Thread Diameter, 1% Min. Pitch.) 

A, 0.706-0.710; B, 0.625-0.664; C, 0.625; D, 0.625 max.; E, 0.703- 
0.708; F, 15/16 min.; G, 3/32 min.; H, 5/64 max.; J, 3/64 max. 
Thread outside diameter, 0.703-0.708; pitch diameter, 0.664-0.669; 
root diameter, 0.620-0.625. 

the plug is heated or the cylinder cooled, the result is the 
same — ^the plug becomes tighter in the cylinder. Fig. 80 shows 
the standard spark plug of the Society of Automotivie Engi- 
neers in its two forms, only the parts outside the cylinder 
being different. The metric spark plug shell, as standardized 
by the S.A.E. for aircraft and motorcycle engines, is shown 
in Fig. 81. The standard thread for all spark plug terminals 
is No. 8-32 (0.164 in. diameter) A.S.M.E. standard. 

Proper Length of Threaded Portion — ^It has always been 
a question as to how long the threaded part <^f >,hQ plug shell 
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should be made, relative to the thickness of that part of 
the cylinder wall into which it is screwed. There 'are three 
possibilities which are illustrated in Fig. 82. At A the plug 
extends into the combustion chamber beyond the inner sur- 
face of the cylinder wall. This is objectionable because of 
the danger of the plug overheating. At B the plug does not 
extend entirely through the hole into which it. screws, and a 
cavity is formed at its inner end. This cavity is apt to re- 
main filled with dead gases when the engine is strongly 
throttled and thus cause misfiring. The proper length of the 
threaded portion of the plug is showii at C, where the end 
of the plug shell comes flush with the inside of the cylinder 
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Fig. 82 — Improper and Proper Length of Threaded Portion. 

wall. As the wall thickness varies, spark plugs are made 
with several different lengths of thread, and the proper size 
should always be chosen. 

Protected Porcelains — One of the most frequent troubles 
with plugs is that the exposed surface of the insulator in- 
side the combustion chamber becomes coated with a layer 
of oil and carbon which forms a short circuit between the 
central electrode and the shell. One method of preventing 
this consists in making the shell of such form as to give pro- 
tection to the insulator. That is, the shell is practically 
closed at its inner end, as shown in Fig. 83, so that pro- 
jections of oil cannot reach it. There is also another advan- 
tage claimed for this form of construction, viz., that it acceler- 
ates flame propagation. At the bottom of the spark plug a 
small chamber is formed inside of which the spark occurs. 
The theory is that the charge inside this chamber, upon be- 
coming ignited, greatly expands, and the burning mass is 
forced through .the holes in the wall of the chamber at great 
speed, car^oigrcombustion rapidly to the farthest part of the 
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combustion chamber. The principle 
was first applied in conjunction with 
low tension ignition in the early- 
Mercedes engines in which the make 
and break terminals were located in 
a separate chamber communicating 
with the combustion chamber 
through a restricted passage. 

Non-Sooting R e c e s s — Another 
and more general method of prevent- 
ing short circuits by sooting of the 
porcelain consists in forming the 
latter so there is a deep recess be- 
tween it and the shell and some- 
times also between it and the central 
electrode. This recessed construc- 
tion is covered by a patent to Can- 
field under which many spark plug 
. makers are licensed. The two con- 
structions are illustrated in Fig. 
84, A and B. Not only is the leak- 
age path over the surface of the porcelain from the shell to 
the central electrode greatly lengthened, but It is also claimed 
that there is no deposition of carbon in the inner portions 
of the recess, because that space is permanently occupied by 
dead gas, consequently no combustion goes on there, and no 
carbon is formed. When a spark plug of this type is ex- 
amined after having been in use for some time it will be 
found that while the surface of the porcelain at the mouth 
of the recess is strongly discolored by carbon accumulations, 
the surface near the bottom of the recess remains bright. 

Location in Cylinder — In determining the best location of 
the spark plug in the cylinder wall several points must be 
taken into consideration. In the first place, the infiammation 
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of the gaseous charge, which starts ^rom the spark gap of 
the plug and is thence propagated throughout the mass of 
the charge, should be completed in the shortest possible time, 
and this consideration would lead us to place the spark plug 
so that the spark gap came substantially in the center of the 
combustion chamber. This would be impractical, however* 
for another reason, because it would be impossible to effec- 
tively cool the spark points and porcelain. So far as cooling 
is concerned, a good place for the spark plug is in the filler 
plug over the inlet valve or in the cylinder wall over the 
passage from the inlet valve chahiber to the cylinder, where 
the inner end of the plug is cooled by the incoming charge. 
This location is also advantageous for another reason, namely, 
that when the engine is strongly throttled and the amount 
of fresh charge admitted is small in comparison with the 
dead gases remaining in the cylinder from the previous ex- 
plosion, the purest charge is most likely to be found around 
the inlet valve, and hence, if the plug is located there, ignition 
is most reliable. 

When two sets of spark plugs are employed, one set is 
sometimes screwed into the plugs over the exhaust valves, 
but this is not a good location, as in addition to poor cooling 
and diluteness of the mixture in the exhaust valve chamber 
at low throttle, the exhaust gases passing by the plug carry 
oil and carbon and the latter is apt to become dirtied and 
short circuited in a short time. In a two-stroke motor where 
the charge transferred from the precompression chamber to 
the combustion chamber carries the oil for cylinder lubrica- 
tion, the spark plug should not be located in the path' of the 
incoming charge. * V 

Spark Plug Faults — Probably the most common fault of ^ 

spark plugs is "sooting" ; that is, the surface of the insulator 
which is exposed to the action of the flame becomes covered 
with carbon which forms a short circuiting path aross the 
spark gap and thus prevents the production of a spark. This 
xan be remedied by cleaning the surfaces affected by means 
of a small, stiff brush dipped in gasoline, taking the plug . 
apart for the purpose. The porcelain insulators of spark 
plugs will sometimes crack, owing to sudden local changes in 
temperature which may be caused by water being splashed on 
them while hot. Their insulation is then insufficient to hold 
the spark, and either a new porcelain or a new plug is needed. ' 
Care must be taken not to expose the spark plugs to exces- 
sive temperature, as by greatly overheating the engine, and 
when decarbonizing an engine cylinder by the oxygen method, 
no good spark plug should be left in the cylinder. The de- 
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carbonizing tool is usually introduced through one spark plug 
hole, and if the cylinder ordinarily carries two plugs the other 
one should be replaced by a dummy while the process is being 
applied. 

It is important that the distance between the spark points 
be maintained, and if the gap has become too great owing 
to burning away of the spark terminals or accidental bend- 
ing, the terminals should be dressed up by means of a fine 
file and bent so as to be the proper distance apart. This is 
particularly important where magneto ignition alone is used 
and the engine has to be cranked by hand. Some manufac- 
turers of plugs furnish a gauge consisting of a small piece 
of sheet metal of a thickness equal to the proper width of 
the gap. When the central electrode consists of a thin wire 
which is joined to the binding post, it will sometimes come 
loose from the binding screw and form an extra spark gap, 
which may result in missing at low engine speeds, if current 
is supplied by a magneto. The fault can be detected by feel- 
ing of the inner end of the central electrode, and if it exists 
a new plug should be substituted. 

Occasionally spark plugs will become short circuited by 
particles of carbon or other conducting material lodging be- 
tween the spark points. Such a fault, of course, is readily 
corrected. 

Auxiliary Spark Gap— When a spark plug has become 
"short circuited from sooting and in conseqtience fails to fire 
the charge, it may be caused to do so again by providing a 
second gap in the high tension circuit somewhere outside the 
cylinder, about equal in length to the gap between the spark 
plug terminals. Of course, under ordinary conditions it is 
much preferable to clean the plug or replace it by a new one, 
but fifteen years ago when the oiling systems of engines 
were rather imperfect and "sooted plugs" were a chronic 
ailment, the "auxiliary spark gap" did good service. It may 
not be readily apparent why the introduction of an additional 
spark gap in series with the regular one should cause a spark 
to pass, but the explanation is as follows: 

The secondary e.m.f. does not attain its maximum value 
instantly but builds up gradually though exceedingly rapidly. 
Ordinarily it will continue to grow until it is strong enough 
to break down the resistance of the spark gap. However, if 
the spark gap is short circuited by a layer of carbon on the 
porcelain, current will begin to flow in the secondary circuit 
as soon as the e.m.f. begins to build up. When there is no 
current flowing the whole of the e.m.f. induced in the sec- 
ondary winding of the coil is impressed upon the spark plug. 
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but Tvhen a current flows, a great deal of this e.m.f. ia used 
up in overcoming the resistance of the secondary winding and 
what remains is not sufficient to break down the resistiuice 
of the spark plug air gap. When a second air gap is intro- 
duced into the circuit, as shown St A, Fig. 85, no current 
can flow though the plug may be heavily sooted, and the 
e,m,f. then builds up in the same way as ordinarily, until It is 
suliicient to break down the combined resistance of the two 
air gaps, which, since the second gap is under atmospheric 
pressure, is only about 20 per cent greater' than that of the 
spark plug gap alone. It might be supposed that the current, 
after passing the auxiliary gap, would follow the leakage path 




around the plug gap, but the sudden impulse of current in- 
volved in a spark will always follow the straightest possible 
path even though it offers more resistance, hence it will jump 
between the spark terminals at the gap between them, rather 
than follow the leakage path. If we make use of an hydraulic 
analogy we may say that the auxiliary gap acts like a dam 
which holds the current back until the water level Ce.m.f,) 
rises sufficiently high to break through the dam (jump the 
gap) and the current thereby attains such momentum that 
rather than flow through a small by-pass (leakage path) it 
will continue straight on and break down the second dam 
(spark plug gap). 



THE SPARK PLUG. lOB 

Originally the auxiliary gap was furnished by a separate 
device connected in the high tension circuit in series with 
the spark plug; later it became customary to incorporate 
it in the spark plug itself as shown in Fig. 85. Such a plug 
also gives a visible indication of the spark. These auxiliary 
spark gap plugs, however, never achieved any great popu- 
larity, and the same effect is now obtained by contact-less dis- 
tributers, as will be explained later on. 

Aircraft Plugs— Reference was made above to the severe 
conditions under which the spark plugs of automobile engines 
are compelled to work, but the conditions are far worse on air- 
craft engines, because the compression ratio is higher in these 
engines and because they work under full open throttle all the 
time. Where the service is so severe the plug cannot be 
screwed into the valve plug but must be screwed directly into 
the cylinder wall, where the pooling water can be brought 
close to it. Also, it has been found necessary to design special 
plugs with extra cooling means to keep the temperature of 
the plug down and prevent pre-ignition of the charge. Similar 
conditions obtain in kerosene burning tractor engines because 
of the high load factor in farm tractors and the extra heating 
of the engine with kerosene fuel, at least with most present 
kerosene vaporizing systems. Air-cooled motor cycle engines 
also are rather hard on spark plugs. 

In Fig. 86 is shown the Pittsfield aircraft plug, which has 
mica insulation. It differs slightly from the ordinary mica 
plug in that the shoulders of the mica core are square. The 
lower end of the shell is provided with a perforated bafde plate 
which tends to keep oil away from the mica. The central 
electrode stem is made of brass or copper, of large diameter, 
to afford plenty heat transmission capacity, and the electrode 
proper is swedged into the stem. The shell is finned to pro- 
vide greater heat radiating capacity, and there is also a fin 
at the top of the stem to increase the radiation of heat from 
the stem and electrode. The top of this finned portion is 
slightly countersunk and the stem is riveted into same, thereby 
reducing the possibility of leakage past the threads on the 
stem. This finned portion is necked to take a slip terininaL 
The fins on the shell are made hexagonal to take a wrench. 

Porcelain insulated plugs are also being successfully used 
on aircraft engines, but it was found necessary to greatly 
improve the grade of porcelain over that commonly used for 
spark plugs, especially with a view to increasing the strength 
at high temperatures. The glaze also had to be improved 
to bring its coefficient of heat expansion close to that of the 
porcelain itself, as otherwise it will flake off as soon as the 
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-plug is heated up. A writer in Automotive Industries (Jan. 
3, 1918), who investigated the aircraft spark plug situa- 
tion for a foreign Government, sums up as follows the re- 
quirements that must be met in order to make a spark plug 
satisfactory for this class of work: 

''All materials used for the main parts of spark plugs must 
have a low coefficient of heat expansion. This coefficient must 
not be the same for all parts but inversely proportional to 
their heat conducting properties. For instance, the heat-ex- 
pansion coefficient of the central electrode should be less than 
that of the porcelain, because the central electrode reaches 
a higher temperature. Where it is impossible to fulfill this 
requirement it is necessary to make such provisions as will 
allow the expansion of a certain part to take place without in- 
juring the other parts of the plug. 

"The central electrode must be well cooled, preferably by 
means of fins at the upper end, and only a small part of the 
electrode must be exposed to the heat of the combustion cham- 
ber. That is, the extension of the electrode beyond the lower 
end of the insulator must be short and of small diameter — 
of sufficient diameter only to prevent warpage under heat. 
All joints in the central electrode should be of welded or 
similar type, so as to ensure proper heat conductivity. The 
ground electrode must be short and rigidly held, and should 
preferably be of the single point t3T)e. The lower end of the 
shell should be given such a shape as to protect the insulator 
from oil and carbon, unless the material used is of sufficient 
heat-resisting quality to withstand the heat of the explosion 
and permit the carbon to be burned off. If cement is used, 
this must not soften or deteriorate at temperatures some- 
what above service temperatures." 



CHAPTER XI 



Vibrator Coil Ignition for Multi-cylinder Motors 

What has been said eo far regarding battery and coil high 
tension ignition has application chiefly to ignition of single 
cylinder engines. When the ignition of a multi-cylinder en- 
gine is considered, we may use a separate vibrator coil for 
each cylinder and a timer with as many contact segments 
spaced around its circumference as there are cylinders to 
be ignited. This was the first solution of the multi-<;ylinder 
high tension ignition problem and has been moat extensively 
employed. The individual coils in their wooden boxes are 
generally arranged in a hardwood box mounted on the dash, 
in such a manner that the terminals on the outside of the 
individual coil automatically make contact with correspond- 
ing metal parts in the bottom or on the sides of the coil box. 
In the case of the two terminals carrying primary current it 
is essential that good metallic contact be made at all times, 
and these are preferably made of such a form that as the 
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coil is forced down into the box its contacts wedge between 
or against those in the box. In the case of the terminal Which 
carries high tension current only, a good connection is not es- 
sential, as the high e.m.f. will easily break down whatever re- 
sistance may be ojffered by the joint. The ignition switch is 
usually mounted on the front of the coil. 

Multiple Vibrator Coil Systems — Pig. 88 shows a wiring 
diagram for a four-cylinder, battery and coil ignition system 
employing multiple vibrator coils. In this connection it must 
be remembered that in a four-cylinder engine the cylinders 
cannot be fired in regular order, starting from one end, but 
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Fig. 88 — ^WnuNG Diagram of Multiple Vibrator Coil System. 

must be fired in one or the other of the following orders 
(starting from the front) : 

1—2- 



It should be remembered that each coil has three terminals, 
and in Fig. 88 the terminal on the left is the low tension 
terminal which connects to one of the terminals of the 
timer; the centre terminal is the ground terminal which is 
grounded through the battery and switch, and the right hand 
terminal is the high tension terminal, which is connected to 
one of the spark plugs. Of course, the grounding terminals 
of all four coils are connected together. The circuit of the in- 
dividual coil is the same as already described in connection 
with Fig. 75. 
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Buckproof Coils — ^When a number of coils are placed in 
close proximity of each other, each coil has a rather strong 
inductive effect on the adjacent coils. In Fig. 89 are shown 
the cores of two adjacent coils in their true proportions. . It 
will readily be seen that when one of the coils is energized 
a large proportion of the magnetic lines of force through its 
core will return through the core of the adjacent coil, because 
that, together with the intervening air space constitutes a 
path of less magnetic resistance than the return path all the 
way through air. But the establishment of a magnetic field 
of force through this adjacent coil may cause an e.m.f. to be 
induced in the secondary of that coil strong enough to produce 
a spark at the plug connected to that coil, and we then are 
likely to have a case of back firing. When one cylinder is at 
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Fig. 89 — Illustrating Mutual Inductive Effect Between Ad- 
jacent Coils. 

the beginning of the power stroke, where ignition in it prop- 
erly occurs, the cylinder whose coil is located adjacent to that 
of the former, may be at the beginning of the compression 
stroke, when it is full of combustible charge and when, on 
account of the absence of compression, a comparatively small 
e.m.f. is sufikient to produce a firing spark. 

This may be remedied by placing a shield of some highly 
(electrically) conductive material between adjacent coils. 
When magnetic impulses pass through these shields, local 
currents are set up in the shield which oppose the variation 
of the magnetic fiux through them and therefore hold the 
flux down to a very low value. These currents are known as 
eddy currents. 

Single Vibrator Coil and Distributer System — A spark coil 
is a somewhat expensive piece of apparatus, and the thought, 
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therefore, occurred that a single coil might be used for spark- 
ing any number of cylinders. In that case, instead of dosing 
the primary circuit once during every two revolutions of the 
engine crankshaft, it must be closed during this period a 
number of times equal to the number of cylinders to be sparked. 
This will produce in the secondary winding the necessary 
number of impulses to spark all of the cylinders. It is, of 
course, evident, that in this case the secondary winding of 
the coil cannot be permanently connected with the spark plugs, 
but must be connected to the different spark plugs in rotation, 
which is accomplished by means of a device known as a high 
tension distributer. In principle the high tension distributer 
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Fig. 90 — Wiring Diagram of Single Vibrator Coil and Dis- 
tributer System. 

is similar to a multi-cylinder timer, but in details of con- 
struction it is different, as it must be insulated to withstand 
very high e.m.f.s., while, on the other hand, no very good elec- 
trical contact is necessary and the rotating arm and segments 
need not even come into actual contact. 

Fig. 90 is a diagram of connections of a single coil, high 
tension distributer ignition system for a four-cylinder motor. 
It will be noted that the connections of the primary circuit 
are similar to those of a four-coil system. All four contact 
segments of the timer are metallically joined together and 
from them a wire is run to the low tension terminal of the 
coil. The ground terminal of the coil is connected to ground 
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through the battery and switch. From the high tension ter- 
minal' of the coil a wire leads to the central rotating terminal 
of the distributer and from the four distributer segments 
cables are run to the four spark plugs respectively. 

In this system the timer and distributer must both be driven 
80 as to make one revolution for every cycle of the engine 
and consequently the two devices are usually, made in a single 
unit. Fig. 92 shows a typical construction. 

Combined Timer and Distributer — Fig. 91 shows a typical 
design of a combined timer and high tension distributer, due 
to the Da}i:on Electrical Laboratories Company. The timer 
forms the lower part and the distributer the upper of the in- 



strument. The timer comprises a cam Z> on a short shaft E 
which connects through the sleeve S with the vertical shaft R 
driven from the engine; also a vibrator spring C actuated by 
cam D, and a stationary contact B carried in the metal housing 
but insulated from it. Another view of this timer construction 
which brings out its details more clearly may be seen in 
Fig. 98. 

The high tension distributer consists of two moldings of 
insulating material, viz., the stationary part G, which forms 
the cap of the housing and carries the high tension terminals 
TTT, and the rotating part F, also known as the rotor, which 
is secured to the top end of the timer shaft. High tension 
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current from the secondary winding of the coil enters the 
high tension distributer through the central terminal T and 
flows through pin H to the metal strip / secured to the rotor. 
In the stationary part G are carried four or six contact pins, 
according to whether the instrument is to be used on a four or a 
six-cylinder motor, each of which connects to the spark plug 
of one cylinder. The rotor carries two contact brushes, 
of which brush K serves to connect the central pin H suc- 
cessively with each of the four or six terminals connecting to 
the spark plugs. Brush / serves to connect the spark plug 
cable of the cylinder next in order to fire to ground, so that 
any static charge which may be induced in the high tension 
cable leading to the plug will be conducted to ground and 
not cause a discharge at the spark plug of that cylinder in 




Fig. 92 — Plan View of Delco Distributer with Coyer Removed. 

which, if the spark lever is set for early ignition, the suction 
stroke is still uncompleted and the entering charge might be 
ignited which would cause a back fire through the carburetor. 
Prevention of improperly timed explosions due to static induc- 
tion between adjacent cables will be further dealt with under 
the heading of wiring. The feature of grounding the cable 
leading to the cylinder next in order to fire through the dis- 
tributer is special to the design of timer-distributer shown 
and is not found in all such instruments. 

Master Vibrator — ^To the multiple vibrator coil system 
the objection is often made that, owing to differences in 
the actions of the vibrators, which may be due either to dif- 
ferences in construction or to differences in adjustment, the 
sparks in the different cylinders will not be timed alike 



VIBRATOR COIL IGNITION 



113 



or will not be of equal power, which tends to unbalance the 
engine It is, of course, almost impossible to adjust four or 
six vibrators exactly alike, and this has led to the use of a 
single vibrator, called a master vibrator, with a number of 
plain coils. The master vibrator comprises a small coil in- 
cluded in the primary circuit, whose only object is to energize 
the magnetic core for operating the vibrator. A timer con- 
nects the primaries of the different plain or non-vibrator coils 
in circuit in rotation and the secondary of each coil is per- 
manently connected to its spark plug. Fig. 93 is a wiring 
diagram of a master vibrator system for a four-cylinder 
engine. This system is used mainly as a substitute on cars 
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Fig. 93 — Wiring Diagram of Master Vibrator System. 

originally fitted with multiple vibrator coils. The magnetic 
vibrators of the original coils are then short circuited by 
means of a wire, and the coils are used as plain coils in the 
master vibrator system. 

In the foregoing the four-cylinder engine has been used 
as a representative of the multi-cylinder type. It will be 
understood that in the case of a six-cylinder engine the timer 
has six equally spaced contact segments and in the case of an 
eight-cylinder engine, eight. 

Ignition Timing — The contact segments of a roller contact 
timer usually extend over an arc of about 40 degrees, and 
as the roller makes and breaks contact when its axis is in 
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a plane with the timer axis and the edge of the segment, 
contact IS maintained for 40 degrees of camshaft motion and 
(in a four-stroke engine) 80 degrees of crankshaft motion. 
The timer must be so set on its shaft that when in the maxi- 
mum advance position the first spark in the cylinder at very 
high speed will occur not later than on dead centre. Let us 
assume that the vibrator has a periodicity of 250 per second, 
then the igniter lag is 0.004 second. Suppose the engine is to 
run at a maximum speed of 1500 r.p.m. or 25 r.p.s. Then the 
time of one revolution (360 degrees) of the crankshaft is 
0.040 second, and if the spark at that speed is to occur on 

0.040 

dead centre when the timer must make contact s= 1/10 

0.004 
revolution of the crankshaft ahead of the dead centre position. 
One-tenth of a revolution or 36 degrees corresponds to 19/32- 
inch piston travel to dead centre with a 5-inch stroke and a 
connecting rod length equal to twice the stroke. It is advisable 
to make the maximum lead of the timer slightly greater than 
this, say %-% inch of piston travel for a stroke of 5 inches, 
and in proportion for other strokes. 

If, then, it be required to set the timer on its shaft so that 
it will be timed properly, first slip it over the shaft and 
connect it up to the spark lever on the steering wheel. Then 
set the spark lever in the ''maximum advance" position and 
connect the terminals of the timer to the spark coils. The 
rotating member of the timer is still loose on its shaft. Now 
turn the engine until the piston in cylinder No. 1 is say % 
inch from the top end of the compression stroke (the up- 
stroke following the closing of the inlet valve). While in 
this position turn the movable part of the timer on its shaft 
in its normal direction of rotation until the roller or equiva- 
lent contact member begins to make contact with the seg- 
ment joined up to the coil whose secondary connects with 
the spark plug in cylinder No. 1. While in this position secure 
the movable part of the timer to its shaft. If all the electrical 
connections have been properly remade the ignition is then 
properly timed for all of the cylinders. When taking off 
the ignition wires and cables it is well always to attach small 
pieces of paper with like marks on them to the end of the 
cable and the terminal or binding post to which it connects, 
respectively, so no difik^ulty will be encountered in remaking 
the connections. 

Location of Troubles — ^If one cylinder of a multi-cylinder 
engine misses and it is desired to determine which one it is, 
this can readily be done by making sure that no c^ark can 
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be produced in that cylinder and noting the result. To this 
end it is only necessary to short circuit the spark plug by 
placing a screw driver or similar tool so it connects the 
spark plug cap or binding nut with the outer shell of the plug 
or any part of the engine. If there is no change in the opera- 
tion of the engine then it is this cylinder which has been 
giving the trouble. On the other hand if the spark plug short- 
circuited is not in the missing cylinder, then two cylinders 
will miss and the result will immediately be noticeable in the 
speed of the engine and the greater number of missing ex- 
haust noises. 

One advantage of a magnetic vibrator system is that the 
"buzz'* of the vibrator when the circuit is closed through 
the timer gives an indication of the fact that the primary 
circuit is all right — ^that the batteries are giving current and 
that there is no break anjnvhere in the circuit. Of course, 
sometimes when the batteries are nearly run down they may 
give still enough current to operate the vibrator but not enough 
to produce a spark of sufficient energy to fire the charge. 
But the buzz of the vibrator will then be comparatively faint, 
which will be at once detected by the trained ear. 

Adjustment of Vibrator — The contact points of the vibra- 
tor wear away in use, and this necessitates occasional readjust- 
ment. The manner of adjustment varies somewhat with the 
construction of the vibrator. Many vibrators have two ad- 
justing screws or nuts (Fig. 94), one being a screw with a 
platinum tip which forms one of the contact points. The 
adjustment of the latter screw determines the distance of the 
armature from the end of the magnetic core and the adjust- 
ment of the other screw or nut determines the pressure 
between contact points. It is obvious that the greater the 
pressure between contact points the more magnetic pull is 
required to draw them apart and, consequently, the greater 
the value to which the primary current will rise before the 
circuit is broken. On the other hand, if the contact screw is 
adjusted to bring the armature nearer to the core, then the 
magnetic effect of the core on the armature for a given pri- 
mary current will be increased. 

Most manufacturers of coils state the current which their 
coils should consume to operate properly on engines with 
different compressions, and if a small ammeter is available 
the best plan is to connect it in circuit and change the ad- 
justment until the desired current consumption is obtained. 
In this connection it is well to remember that if the coil is 
so adjusted that the contacts are drawn apart too soon, no 
effective spark will be produced, while if they are so adjusted 
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that the points press together very hard, then too much 
current is consumed. Therefore, without an ammeter, the 
best method of adjustment probably is to "loosen" the vibrator 
while the* engine is running until the particular cylinder 
begins to miss, and then slightly turn the adjusting nut the 
other way. It may be stated that the current consumption 
of vibrator coils varies from % to 2 amperes. 

Dressing Up Contact Points — Owing to the wear on them 
the contact points in the course of time become rough and 
then offer considerable resistance to the passage of the cur- 
rent. To remedy this they must be dressed up with a flnei 




Fig. 94 — Magnetic Vibrator with Two Adjusting Screws. 

file. It is the positive contact, the one from which the current 
passes over to the other, that is affected most, and the con- 
tact point which can most readily be removed from the coil 
(the contact screw if one is used) should always be made the 
positive one. In dressing up the point of a contact screw 
care must be taken to get the surface flat and perpendicular 
to the axis, so there may be contact over the whole surface, 
and this is best accomplished by making a jig or holder con- 
sisting of a flat piece of metal about %-inch thick, which is 
drilled and tapped with a thread corresponding to that of 
the contact screw so that the latter fits into it tightly. It is 
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then screwed into the jig so its point barely projects, and is 
filed off flush with the surface of the jig. Of course, the hole 
through the jig must be drilled and tapped square with the 
surface of the same. 

Care of Coils — Coils must not be operated on a higher 
voltage than they are intended for, and this becomes espe- 
cially dangerous when the secondary cable should accident- 
ally be disconnected from the plug, or the secondary circuit 
be interrupted in some other way. Ordinarily the e.m.f. in 
the secondary circuit is limited by the distance between spark 
points and by the compression, but if the secondary cable 
should be disconnected, the secondary e.m.f. would increase 
with the primary e.m.f. and there would be danger of break- 
ing down the insulation of the secondary. To obviate the pro- 
duction of excessive e.m.f.'s some coil makers bring wires 
connected to opposite ends of the second winding to within 
a distance of % inch or so of each other. Then, when the 
secondary voltage attains that necessary to jump a gap of 
1/^ inch in the atmosphere a spark will pass at this "safety 
spark gap" and there will be no further increase in voltage. 
A failure of the insulation of the secondary such as might 
be caused by excess secondary voltage is fatal. That is, it 
is better to get a new coil than to try making a repair. For- 
tunately, the way coils are now made, if they are not grossly 
abused, such failures are exceedingly rare. 

Owing to the fact that the insulating wax used in coils 
melts at a moderately high temperature, coils must never 
be placed where they are close to parts radiating a great 
deal of heat, like the exhaust pipe. That would be likely to 
cause the insulating wax to run and thus impair the insula- 
tion. 

Locating Faults — ^A common method of determining 
whether all of the plugs spark is to unscrew them from the 
cylinders, lay them on top of same with the high tension 
cables connected and turn the engine over by hand. While 
this method may show the entire absence of a spark in one or 
more cylinders, it is by no means a dependable test, for the 
reason that to produce a spark under compression in the engine 
cylinder requires several times the e.m.f. required to produce 
a spark of equal length in the atmosphere. Spark plug test- 
ing devices have been made which consisted of a little chamber 
with a window into the wall of which the spark plug could 
be screwed and in which an air pressure could be pumped 
up by means of a tire pump. However, these never came into 
practical use, as with multi-cylinder engines the best plan is 
to test the plug while in place on the cylinder. 
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Where a high tension distributer is used it must be located 
where it is not likely to become wet and dirty, as tlie least 
impairment of its insulation interferes with its proper opera- 
tion. The timer needs a little oil occasionally and must also 
be kept clean so that good electric contact may be assured 
and there may be no leakage of current to a contact segment 
before the roller or other movable contact member reaches it. 



CHAPTER XII 



Modern Battery Systems 

The system of ignition described in the early part of Chap- 
ter IX is the De Dion, the first high tension system to come 
into extensive use. It was abandoned in favor of magnetic 
vibrator systems because its mechanical vibrator was too deli- 
cate and unreliable. At later periods in the development of 
ignition equipment various improved types of mechanical vi- 
brators were evolved, all of which can be divided into two 
classes, the open circuit and the closed circuit. The open 
circuit vibrator owes its development to the demand for ex- 
traordinary current economy when engine cylinders began to 
multiply and dry cells still served as sources of ignition cur- 
rent, and the closed circuit type made its appearance subse- 
quent to the adoption of electric starting and lighting sys- 
tems, when the presence of a dynamo generator on the car 
seemed to make a magneto generator for ignition superfluous, 
provided the spark generating and distributing devices could 
be made equal in reliability to the corresponding parts of the 
high tension magneto. High current economy was not essen- 
tial but the interrupter must operate reliably at high engine 
speeds, as the period referred to marked the introduction of 
the high speed gasoline engine for automobile service. Gen- 
erally speaking, in an open circuit system the time the in- 
terrupter contacts remain together is independent of the 
engine speed, whereas in a closed circuit system this time 
varies inversely as the engine speed. 

Single Spark Vs. a Shower of Sparks — ^It was at one time 
believed that there was a substantial advantage in hav- 
ing a series of sparks occur in the cylinder at the 
beginning of each power stroke, so that in case the charge 
were not fired by the first spark there would still be a chance 
that it would be fired by one of the following ones. That this 
will occur is undeniable, but the benefit to be derived there- 
from, except in cranking the motor, is very questionable. At 
high engine speeds ignition by the second spark would come 
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H late in the stroke that the explosion would add little to tiie 
power developed, but, on the other hand, it would tend to In- 
crease heating of the cylinders. Uoreover, if the first apark 




missed frequently, the engine would run very irregularly, and, 
in such a case, the best plan certainly would be to investigate 
the cause of this missing and remedy it immediately. Another 
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thing to be taken into consideration is that the series of 
sparks is not a feature directly aimed at in the design, but is 
rather incidental, for in order to insure the production of a 
good-sized spark at high engine speed the timer contact seg- 
ments must be made to cover a certain minimum arc of the 
circumference, and with such an arc of contact a series of 
sparks will be produced at low speeds. There is no more need 
for a series of sparks at low speed than at high speed, and the 
fact that it is obtained only at low engine speeds seems to 
prove that it is incidental and not specially aimed at by the 
designer. 

About the time when four cylinder engines first came into 
use the development of the so-called single spark type of in- 
terrupter was begun. In some of these interrupters the dura- 
tion of contact is not affected by the speed of the engine, and 
it is obvious that these permit of the highest current economy. 
The writer believes that A. Atwater Kent was the pioneer in 
this field of development, and the Atwater Kent device will 
here be described as typical of this class of interrupters. 

Atwater Kent Open Circuit Interrupter — ^Referring to Fig. 
95, the Atwater Kent interrupter (or contact maker, as it is 
called by its manufacturer) comprises a notched shaft A, 
which is driven from the engine crankshaft at one-half crank- 
shaft speed in four stroke, and at crankshaft speed in two 
stroke engines. This shaft has as many notches on its cir- 
cumference as there are cylinders to be fired (in this case 
six). With the notches on shaft A engages a hooked sliding 
part B, called the lifter. As shaft A rotates the saw teeth on 
it engage the hook on lifter B, and draw this part in the direc- 
tion of its length, against the tension of coiled spring C 
When a certain position is reached, owing to the rotary mo- 
tion of shaft A, lifter B is disengaged from the notch in the 
shaft, and it files back under the tension of spring C. In 
doing so its head strikes a blow to ''hammer" D — ^a swinging 
lever, whose motion in both directions is limited — ^and the 
hammer communicates the blow to the contact spring E. 
The latter, it will be noted, is of peculiar construction, com- 
prising one substantially straight spring blade and a curved 
blade riveted to the former and having its outer free end bent 
into the form of a C curve, which extends behind the end of 
the straight blade. The latter carries the movable contact 
point, which is adapted to contact with a stationary contact 
point carried on the contact screw F, opposite it. Ordinarily 
the straight spring blade is held under tension by the hook of 
the curved spring blade, and the two contact points are sep- 
arated. When the curved blade receives a blow from hammer 
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D, the points are brought into contact. This limits the mo- 
tion of the straight blade. The curved blade, however, is 
thrown over farther by the impact, and its hook leaves the 
end of the straight blade. After having reached the limit of 
its motion it flies back and strikes the end of the straight 
blade a blow which insures a very sudden break of the circuit. 

Fig. 95 shows successive positions of the parts. In sub- 
figure A a notch in shaft A has engaged B and is drawing it 
against the tension of spring C. In sub-figure B the lifter is 
released. In sub-figure C the lifter is riding back over the 
rounded portion of the shaft and striking hammer D, which 
in turn pushes E for a brief instant against F. The return of 
B to its final position, as shown in sub-figure Z>, is so quick 
that the eye cannot follow the movement of D and E, which 
seem to remain stationary. 

Important features of this device are the brevity of contact, 
its constant duration regardless of engine speed, and the 
quickness of the break. These tend to reduce heating and 
arcing at the contacts to the minimum, while still giving a 
strong current impulse in the coil. To further increase the 
life of the contacts a special type of switch is used with this 
system, which reverses the flow of current every time it is 
turned. The makers state that the contacts need adjustment 
only about once in 10,000 miles of average use, and replace- 
ment only once in 50,000 miles. Adjustment is made by re- 
moving one or more thin washers under the head of screw F. 

All the moving parts. A, B, and D, are of steel, accurately 
made and glass-hard, and B and D are extremely light. The 
forces involved are therefore minute and the wear is stated 
to be negligible. 

The contact points of this interrupter are made of tungsten, 
which is claimed to be more durable than either platinum or 
iridium. 

It is impossible with this system to run down a battery by 
leaving the switch closed, as the lifter B only produces con- 
tact while it is returning, as in sub-figure C, and when the 
parts are at rest in any position of the shaft contact is defi- 
nitely broken, regardless of the switch. 

Closed Circuit Type Interrupter — In the closed circuit 
type interrupter the contacts are normally together, and are 
separated positively when the spark is to be produced. Fig. 96 
shows such a device as manufactured by the Connecticut Tele- 
phone & Electric Company. A single armed lever A, made of 
sheet metal, so as to have a comparatively small moment of 
inertia, and of substantially semi-circular form, carries the 
movable contact point B. The latter is normally pressed 
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against the stationary contact point C by the spring D. At 
the middle of its length lever A carries a fibre roller E, which 
is acted upon by a four-lobed cam G, carried on the shaft of 
the interrupter. There are two binding posts on the outside 
of the instrument, one of which connects with stationary con- 
tact point C and the other through a metal strip F with spring 
D and hence with movable contact point B. 

One advantage of such an interrupter is that it has no lag. 
The primary circuit is broken and the spark in the cylinder 
occurs always exactly at the same point in the cycle of the 
engine. It, therefore, would be possible to do away with the 
ignition control mechanism where this type of interrupter is 
used, nevertheless, it is common to use hand-timing mechanism 
also with interrupters of this class, for the reason that owing 




Fig. 96 — Closed Circuit Type Interrupter (Connecticut). 

to the time consumed in propagating the flame through the 
whole mass of the charge the spark must occur earlier at 
high engine speeds than at low. A system employing a 
vibrator of this type is not very economical of current, as the 
primary circuit remains closed except for a short period when 
the contact points of the interrupter are separated, but at 
present this is of little consequence, as nearly all cars carry 
electric generating equipment of adequate capacity. The 
interrupter lever is insulated from the base of the interrupter, 
and, as the coil furnished with this interrupter has its primary 
winding not connected to the secondary, the primary circuit 
may have an insulated return. 

Automatic Switch and Battery Savers — ^With a magnetic 
vibrator ignition system, if the driver should stop the engine 
by closing the throttle and then forget to open the switch, 
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if the circuit happened to be closed in the timer, he would be 
warned that current was being wasted by the buzz 6f one of 
the vibrators. No such warning is given in the case of an ig- 
nition system with a magneto type interrupter, and the battery 
is likely to be drained completely or the coil injured by over- 
heating unless provisions. are made in the system to prevent 
this. In the Connecticut battery ignition system a thermo- 
stadie switch is used which opens the circuit in case the 
operator forgets it or when, on account of a derangement of 
the lighting and starting circuits, an excessive current flows 
through the ignition circuit. 

Referring to Fig. 97, the current from the battery enters 
at A or B, and when the switch is closed at either C or D. 




Pig. 97 — Connecticut Automatic SwrrcH. 

it flows to the thermostat, through the heater tape which is 
coiled around the thermostat, and then to post E. When 
the circuit is not being interrupted, that is, when the motor 
is not running, a much stronger current flows than in the 
regular operation of the system. This excessive current 
causes the thermostatic arm to bend and make contact at point 
T, thereby allowing the current to flow through the magnets 
and return to post F. This sets up a vibrator or hammer 
action in hammer H which drives away the retaining mechan- 
ism and unlocks the switch. 

Other manufacturers connect a coil of iron wire in circuit 
with the primary winding of the induction coil. When the 
current flows continuously this iron wire heats up much more 
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than in ordinary operation, and iron has the property that 
when raised to a certain temperature its electrical resistance 
suddenly increases greatly. Thus after this temperature has 
been attained the current which can flow through the circuit 
is only small and the battery charge is conserved. 

Deico Relay-^A device- by means of which either a series 
of sparks or a single spark can be produced was manufactured 
until recently by the Dayton Electrical Laboratories Company, 
makers of the Delco electric systems. Since this device is 
fitted to thousands of cars now running, a description of same 
may be of practical interest, even though the device is no 




Fig. 98 — Delco Open CmcuiT Type Interrupter. 

longer being manufactured. It was claimed by the manufac- 
turers that a series of sparks was beneficial for starting, as 
the gasoline is likely to condense on the inner parts of the 
plug, and thus make it difiicult to explode the charge, but that 
the heat of a series of sparks would vaporize this condensed 
fuel and thus facilitate starting. The advantages of a single 
spark in regular operation are greater current economy and 
reduced wear of the vibrator points. 

The Delco ignition system comprises a form of vibrator 
known as a relay, Vhich is connected in series with a mechan- 
ical interrupter or timer. This timer, Fig. 98, is of somewhat 
unusual form, and may first be briefly described. On the 
timer shaft there is a cam. A, with as many lobes as there are 
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cylinders to be fired. This cam works on a spring B, bent as 
shown. A straight spring blade G carries the movable contact 
point, and its end extends through a slot in the end of the 
bent spring B. The movable contact point is normally held 
away from the stationary contact point D by the tension of 
coiled spring E, which places spring C under a slight tension. 
When the cam lobe comes opposite the bump in spring B, it 
deflects the latter and allows the contact points to come in 
contact. As it passes the bump, spring B is drawn back by 
coiled spring E, its end hits spring C, and the contact is sharp- 
ly broken. It is obvious that with this device the duration of 
contact varies with the speed of the engine. 

The Delco relay is shown in Fig. 99. It consists of an elec- 
tro-magnet with two windings, one of comparatively coarse, 
and the other of very fine wire. Both windings are designed 
to be connected to the same source of current. The one made 
up of coarse wire produces the greatest magnetic effect on the 
armature, exerting a sufficiently strong pull on it when in its 
position of rest to draw it toward the end of the magnet core. 
The fine wire winding is designed to produce a smaller mag- 
netic effect, not sufficient to draw the armature from its posi- 
tion of rest toward the core, but sufficient to hold it to the 
core once it is there. The condenser R is made up in cylin- 
drical form and located adjacent to the electro-magnet. The 
magnet and its armature are of unusual construction. The cen- 
tral magnetic core extends some distance below the coils, and 
an L shaped piece N of soft iron extends up the side of the 
coil, to form, together with the magnet core and the bell crank 
form of armature A, a substantially closed magnetic circuit. 
The armature is pivoted to the top of the piece N, and its 
downwardly extending arm carries a heel, B, which strikes the 
spring blade C, carrying one of the contact points, the other 
being carried by another blade, D. An additional spring blade 
E, anchored together with the other two, insures that the two 
contact points are firmly pressed together when the armature 
A is not attracted by the magnet core. 

In connection with this system a three point switch is used, 
having an "off" position, a "starting" position and a "running" 
position. In starting the connections are as shown in Fig. 
100 in full lines, the fine wire winding of the relay remaining 
unenergized. When the circuit is closed by the timer, current 
from the battery will flow through the primary winding of the 
so-called plain induction coil and through the coarse winding 
of the relay. As soon as the relay becomes energized its 
armature begins to vibrate and the contacts which it operates 
make and break the circuit in rapid succession. The result 
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of the successive interruptions of the primary current is a 
series of high tension impulses in the secondary winding of 
the induction coil, which produce a series of sparks at the 
spark plug to which the secondary happens to be connected 
at the moment by the high tension distributer. This con- 
tinues until the primary circuit is broken in the timer. 

At high engine speeds it is preferable to produce only a 
single spark per explosion, for reasons already stated. The 
switch handle is then moved to the "running" position, and 
the circuits are completed, as shown in Fig. 100 by dotted 

lines. As soon as the timer 
closes the primary circuit 
and the current begins to 
flow, the core of the relay at- 
tracts its armature, thereby 
breaking the primary circuit 
at the contact points, and 
causing a spark to be pro- 
duced in the secondary cir- 
cuit. The opening of the 
circuit at the contact points 
causes the current in the 
coarse winding of the relay 
to cease, but the current in 
the fine winding is not af- 
fected, and the magnetic ef- 
fect of this current keeps the 
armature in position down 
on the core and prevents its 
vibration. It is held in this 
position until contact is 
broken in the timer, when the 
current in the fine wire 
winding ceases and the arma- 
ture returns to its position 
of rest. 
The only adjustment on the Delco relay is at F. By turning 
the notched wheel the gap between the armature and the end 
of the magnet core is varied, and as this latter acts as a stop 
the opening at the contact points is also varied. The adjust- 
ment is locked by a latch spring, which engages in the notches 
in the adjusting wheel. 

High Speed Interrupter — Recently the normal working 
speed of motors has in some cases been increased to an 
extraordinary extent, and this has made the demand upon 
ignition systems more severe than ever. It is generally be- 




Pig. 99 — Delco Relay. 
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lieved that a magnetic vibrator system of ordinary construction 
is not sufficiently rapid in action to meet the requirements of 
a true high-speed engine. Even mechanical interrupters of 
the ordinary design have proved defective at very high speeds, 
as is shown by several patents recently issued on improved 
high-speed interrupters. In a system recently patented by 
C. F. Kettering, inventor of the Delco system, two relays are 
used in connection with a six-cylinder motor, and an inter- 
rupter cam having three lobes and two oppositely located sets 
of contact points, the stationary point of each set being con- 
nected to one of the relays. The arrangement is shown in 
diagram in Fig. 101. It will readily be seen that the circuit 
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Fig. 100 — Delco Double Interrupter System for High Speed 

Work. 

is closed through the two relays alternately, and this gives 
each magnetic interrupter more time to complete its function 
of opening and closing the circuit. 

Other TjHpes of Closed Circuit Interrupters — It was the 

need for reliable operation at high speed that led to the de- 
velopment of the modem "closed circuit" interrupter. To 
insure quick action, the moving part of the interrupter must 
be made to have the least possible inertia. Fig 102 shows 
two such interrupters, the new Delco and the Atwater Kent. 
Both of these are operated by a cam on the interrupter 
shaft. The main difference is that in the Delco the contact 
point is carried at the end of the lever and the cam follower 
is between the contact point and the pivot, whereas in the 
Atwater Kent the arrangement is the reverse. Besides, 
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the Delco lever is pivoted, whereas the Atwater Kent lever 
is spring-mounted. 

A somewhat unusual system has been introduced by the 
, Phillips-Brinton Co. under the name of the Philbrin high- 
frequency system. It comprises a magnetic vibrator which 
vibrates continuously as long as the switch is closed, and a 
high-tension distributer which also performs the function 
of a timer. The rotating distributer arm ends in a sector 
which extends from one stationary contact to the next, so 




Pio. 102 — Two Recent Types of Closed Cdicuit Interrupter 
(Delco and Atwater Kent). 
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the spark, as soon as it stops in one cylinder, begins in the 
next. 

The condenser is now generally placed either in or on the 
interrupter, instead of with the coil. As the condenser must 
be connected in shunt across the interrupter this obviates the 
need for any outside wiring for this purpose. A neat ar- 
rangement of the condenser is found in the Philbrin inter- 
rupter illustrated in Fig. 103. It is enclosed in a metal case 
and is moisture proof and protected against mechanical injury. 

Non-Vibrator Coils — Coils for mechanical interrupter bat- 
tery systems have been reduced to a very simple and compact 
form. They are enclosed in cylindrical cases of Bakelite or 



drawn steel and are about 2 inches in diameter by 6 inches 
long. They are generally mounted on the engine close to the 
combined interrupter and distributer so that both the pri- 
mary and secondary connections are very short. 

Current Consumption — As already stated, the open 
circuit system of battery ignition was developed in re- 
sponse to a demand for high current economy, and in 
general the open circuit systems require considerably 
less current than the closed circuit systems. Their 
characteristics aa to change of current consumption with 
change in engine speed are also entirely diiferent, as may 
be seen by reference to Fig. 104, Since in the open circuit 
system the length of contact is independent of the engine 
speed, the electrical energy absorbed by the primary per 
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contact is constant, and the current increases in direct pro- 
portion to the number of contacts per unit of time; in other 
words, in proportion to the engine speed. On the other hand, 
the closed circuit system shows its greatest consumption of 
current when the engine is at a standstill and the switch is 
closed. A steady current depending upon the resistance of 
the coil primary winding then flows, of the maximum value 
the current can reach in the primary circuit under the im- 
pressed electromotive force. When the engine runs the cir- 
cuit is interrupted and the current assumes an intermittent 
character, and the oftener it is interrupted in a given time 
the lower the average value of the current wave. 'With the 
particular system from which the test results were obtained 
the current flowing through the coil with the engine at a 
standstill amounted to 2.9 amperes. As soon as the engine 
begins to run this drops to 1.5 amperes, and it decreases 
further with an increase in engine speed until at 3000 r.p.m. 
of the engine it is down to 0.8 ampere. With the open circuit 
system the current consumption is only 0.25 ampere at 1000 
r.p.m. and 0.68 ampere at 3000 r.p.m. Both curves are for 
four cylinder systems operating on three-cell storage bat- 
teries. 
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Magneto and Coil 

Of the different magneto systems the ones most closely 
related to the battery and coil system are those comprising 
a magneto generator furnishing low tension current impulses 
which are transformed into high tension impulses in a coil 
or coils separate from the magneto. There are various pos- 
sible combinations. Thus, we may combine a plain generator 
of current impulses with a set of vibrator coils equal in 
number to the number of cylinders to be fired; we may com- 
bine this same generator with a single vibrator coil and a 
high tension distributer which would preferably be incorpo- 
rated with the magneto, or we may combine a magneto pro- 
vided with a mechanical interrupter and a high tension dis- 
tributer with a plain or non-vibrator coil. In the first two 
cases a timer would also be required and this might either 
be incorporated with the magneto or be separate from it. 
Only the first and the last of the three combinations enumer- 
ated are used in practice. The first, that in which a plain 
generator of current impulses is combined with a set of 
vibrator coils, is exemplified in the Ford Ignition system. 

Ford Flywheel Magneto — The Ford magneto, which is 
built with the engine fljrwheel, is of unusual construction. It 
consists of 16 V-shaped magnets which are clamped to the 
forward side of the flywheel, like poles of adjacent magnets 
being placed together, so that the set really forms a single 
16-pole magnet. To a pressed steel disc located directly in 
front of the flywheel are secured 16 coils provided with soft 
iron cores, these being equally spaced in a circle of such 
diameter that the magnet poles sweep past the ends of the 
cores as the magnet rotates with the flywheel, the air gap 
between the magnet poles and the armature cores being only 
1/32 inch. The coils are wound with copper ribbon and 
are connected in series, alternate coils being wound in oppo- 
site directions. The magnetic circuit formed by the mag- 
nets, the cores of the coils and the steel disc to which the 
coils are fastened, is illustrated in the diagram Fig. 107. In 

132 



MAGNETO AND COIL IGNITION 



133 



this magneto the usual order of things is reversed in that the 
magnets rotate and the armature is stationary. It will readily 
be seen that when a certain coil is opposite a north pole of 
the magnet, the magnetic flux passes through it in one direc- 
tion, and when the same coil comes opposite the next south 
pole, the magnetic flux passes through it in the opposite direc- 
tion. Hence in passing from one pole to another, the magnetic 
flux through the coil is completely reversed, and it is this 
reversal of the flux that induces an electromotive force in 




Fig. 105 — Magnet System of Ford Flywheel Magneto. 

the winding of the coil. If all the coils were wound in the same 
direction, the electromotive forces in those coils approaching, 
say, a north pole, would be opposite in direction to the electro- 
motive forces in the coils approaching a south pole. By 
winding adjacent coils in opposite directions, the electro- 
motive forces induced in all of the coils are alike in direction 
at all times, hence the electromotive forces of the individual 
coils add together. Of course, when a particular coil ap- 
proaches a north pole the electromotive force induced in it 
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is opposite in direction from that induced in it when the same 
coil approaches a south pole, and the magneto, therefore, 
generates an alternating current. 

In connection with the magneto there is used a roller 
contact timer of the type already described. This timer has 
four terminal posts from which wires are run to the ground 
terminals of the four vibrator coils respectively. One end 
of the armature winding of the magneto is grounded and 




Fig. 106 — Stationary Armature op Ford Magneto. 



the other connects through a switch to the primary terminal 
of the vibrator coils. A diagram of connections of the 
Ford system is shown in Fig. 108. 

Characteristics of Ford System — There is one important 
difference between the Ford system and an ordinary coil and 
l)attery system, namely, that the Ford magneto furnishes an 
alternating current which alternates 16 times per revolution 
of the crankshaft. Each time the direction of the current 
changes there is, of course, a momentary cessation of cur- 
rent. It is obvious that in the positions of the crankshaft 
^d field maj^et for which there is no current in the arma- 
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ture or when the current is only very small, it is impossible 
to produce a spark in the cylinders. Suppose that when the 
timer completes the primary circuit the magneto is at or 
very near the position of zero electromotive force. Then the 
coil vibrator cannot act at once, as the current sent through 
the coil by this small electromotive force is too weak to 
set it in vibration. But as soon as the current has attained 
the minimum value required to operate the vibrator a apark 
is produced. The result of this is that as the timing lever is 
.moved over its quadrant the spark is not advanced uniformly 
with the lever motion. However, the angular motion of the 
magnet for which there is insuflicient current to produce a 
spark is so small that the condition explained does not affect 
the practical operation of the system. 

The Ford magneto is of comparatively large size and pro- 
duces a spark at a low speed of revolution. It furnishes the 
spark for starting the motor as well aa for regular operation. 
This magneto has no brushes and, in fact, absolutely no 
wearing parts, hence it is subjected to few troubles. One 
thing that occasionally does occur is that the magnets lose 
their strength. A current sent through the armature coils 
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from an outside source will have a tendency to either 
strengthen or weaken the magnets, according to the relative 
position of armature and magnet and the direction of the cur- 
rent. As the armature is always likely to be in such a posi- 
tion that the current sent through it from an outside source 
would weaken the magnets, no battery should ever be con- 
nected to the armature. 

The voltage of the Ford magneto increases with the engine 
speed, being 10 at 300 r.p.m., 16.5 at 600 r.p.m., 24 at 1000 
r.p.m., and 30 at 1500 r.p.m. 

Magneto and Non-vibrator Coil System — ^A typical mag- 
neto of the class designed for use with a separate coil is the 
Remy Model P, of which a sectional view and an end eleva- 
tion are shown in Figs. 109-110. Referring to this cut, the 
armature core A is of the H or shuttle wound type and is built 
up of annealed sheet iron discs with hard bronze heads BB 
which are cast on to the shafts GG. After the core has 
been insulated it is wound with cotton covered, enameled 
magnet wire, which is impregnated with an insulating com- 
pound to render it moisture proof and capable of withstand- 
ing high temperatures. The armature is carried in two ball 
bearings, as shown. One end of the armature winding is 
connected to the rear head at D, and effective grounding of 
this head to the frame of the magneto is assured by the 
spring pressed carbon brush E, carried in a brush holder 
formed integral with the armature cover plate. The other 
' end of the armature winding is connected through an in- 
sulated stud F to the collector ring G, from which the cur- 
rent is taken off by a carbon brush in the brush holder H. 
From this brush holder a low tension cable is run to the in- 
duction coil. 

Interrupter — ^Another wire runs from the induction coil 
to the terminal I on the "breaker box" at the other end of the 
magneto. This terminal, which extends through the inter- 
rupter cover J of insulating material, forms an integral 
part of the contact screw K, which carries one of the con- 
tact points of the interrupter. The other contact point is 
carried on the free end of lever L, pivoted at its lower end 
and provided at its middle with a fiber contact block bear- 
ing against the cam M carried on the end of the armature 
shaft. 

All parts of the interrupter, viz., the contact screw K, 
the interrupter lever L and its stud N are supported on a 
metal plate V forming the interrupter base. This plate is 
supported on a lateral projection from a disc secured to the 
forward end plate & bf the magnexo and is provided with 
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a radial arm V, which is connected by a linkage to the spark 
lever on the steering post of the car. By means of this arm 
the interrupter base can be moved angularly around its axis 
and the spark thi^ caused to occur earlier or later in the 
cycle of the engine. 

Interrupter lever L is grounded to the frame of the mag- 
neto through the stud N. Condenser is located in the 
armature cover plate. It has one terminal connected to the 
stationary contact screw K and the other terminal grounded, 
so that it is connected directly across the interrupter. 

High Tension Distributer — ^Upon the armature shaft be- 
tween the armature and the interrupter cam is carried a steel 
spur pinion P which meshes with a bronze spur gear Q of 
twice its number of teeth, secured to a short shaft R sup^ 
ported in a plain bearing in the bronze end plate S of the 
magneto. Rigidly mounted on the bronze distributer gear Q 
is a brush holder T which carries a carbon brush U in a 
recess formed in its face. This brush is pressed by a coiled 
spring against the inner surface of the distributer plate 
or cover W of Bakelite in which are embedded a central con- 
tact block X and four or six (according to the number of 
cylinders to be sparked) contact blocks YY arranged in a 
circle and at equal angular distances. Each contact block 
carries a binding screw on the outside of the distributer 
cover, protected by a ridge of insulating material all around 
its circumference except at or near the top where the high 
tension cables lead out. As the distributer brush revolves 
it makes contact between the central contact block X and 
all of the contact blocks Y in succession. Contact blocks 
Y are connected by high tension cables to the spark plugs. 

It will be seen from Fig. 110 that the interrupter cam M 
has two lobes. The magneto, which is designed for use on 
a four-cylinder, four-cycle engine, is geared to run at crank 
shaft speed. It produces two electromotive impulses per 
revolution and the cam will open the circuit each time the 
electromotive impulse is at or near its maximum. 

Spark Timing and Timing Range — Ordinarily the inter- 
rupter contacts are closed, being held together by a spring 
not shown in the drawings, and as soon as an electromotive 
impulse in the armature begins, a current will begin to flow 
through the armature winding and the primary winding of 
the coil. At about the time when the receding edge of the 
armature pole passes the farther edge of the field pole, the 
circuit is broken at the interrupter contacts by cam M mov- 
ing lever L outwardly, and the current through the primary 
winding of the coil ceases. This induces a high tension im- 
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pulse in the secondary winding of the coil and causes a 
spark to pass at one of the spark plugs. The exact time 
at which this occurs depends, of course, upon the setting of 
the interrupter base by means of the spark lever. The most 
effective spark is produced if the circuit is broken at the 
moment when the current in the circuit has just attained its 
maximum value. It was explained in a previous chapter 
and illustrated in Fig. 59 that the current impulses in the 
armature winding are of very short duration, the current in- 
creasing and decreasing very rapidly. The spark control link- 
age is usually so arranged that when the spark lever is set 
in the "maximum advance" position the circuit is interrupted 
when the primary current has almost reached its maximum 
value. If now the spark lever is moved to the "late spark" 
position the circuit will be interrupted some time after the 
current has passed its maximum value and in consequence 
the intensity of the spark for the same armature speed will 
be reduced. The more the spark is retarded the more it is 
reduced in intensity. This consideration limits the possible 
timing range. In the magneto here illustrated the timing 
range is 35 degrees. 

Distributer Action — Since the distributer gear Q has twice 
as many teeth as armature pinion P, the distributer makes 
one revolution for every two of the armature or of the 
crankshaft. In other words, the distributer brush makes one 
revolution during the time of one engine cycle and makes 
contact with each of the four distributer blocks Y once per 
cycle. The gears are so enmeshed that the distributer brush 
U is on one of the contact blocks Y whenever the primary 
circuit is interrupted. The exact moment of the break, of 
course, varies with the setting of the spark lever, but the 
distributer brush U is made so wide that without any angular 
displacement of the distributer cover the contact blocks will 
be opposite it when the spark occurs throughout the whole 
timing range. 

A feature of this particular magneto is a timing button Z 
fitted into the distributer cover. This button is pressed out- 
wardly by a coiled spring underneath it. If the button is 
pressed inward by the thumb, against the pressure of the 
spring and the magneto armature is then turned, the plunger 
of the button will drop into a recess of the distributer gear. 
Then the engine crankshaft must be turned until the piston 
in cylinder No. 1 is in the top dead center position at the 
beginning of the firing stroke, and while the engine crank- 
shaft and magneto armature shaft are in these respective 
positions the magneto driving gears must be meshed and the 
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magneto gear secured on the tapered portion of the arma- 
ture shaft by Woodruff key and nut. 

Connections of Dual System — An ignition system of this 
kind is generally arranged for dual operation. That is, a bat- 
tery of dry cells or a storage battery ia carried, and the current 
from this battery may be used instead of the magneto current, 
the battery current being interrupted, transformed, distrib- 
uted and used in the form of ignition sparks by the same 
devices as the magneto current. Hence only the source of 
current is duplicated in this dual system. 

A diagram of connections for this system is shown In Fig. 
111. It will be seen that the coil is provided with a switch 
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having three positions, viz., "Battery," "Off," and "Magneto." 
When the switch handle is in the "battery" position the cur- 
rent flows from the battery through the switch, the primary 
of the ■coil and the interrupter into ground and back through 
the grounding wire of the coil to the battery. The secondary 
current, originating in the secondary winding of the coil, 
flows through the high tension cable to the central terminal 
of the distributer, through the distributer and spark plug 
cable to one of the spark plugs, thence into ground and 
through the grounding wire back to the secondary winding 
of the coil. 

If the switch lever is turned to the "magneto" position. 
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the current from the magneto armature flows through the 
switch, the primary winding of the coil and through the in- 
terrupter into ground, whence it returns to the armature 
winding, one end of which is grounded. The flow of the 
secondary current ia the same when the primary current is 
furnished by the magneto armature as when it is furnished 
by the battery. The chief object in carrying the battery is 
to facilitate starting of the motor. With the battery current 
the intensity of the spark is independent of the engine speed, 
but with the magneto current the intensity of the spark falls 
off with the speed. Of course, the battery will also serve as 
a reserve source of current in case the magneto should fail 
to generate for any reason, while coil, interrupter and dis- 
tributer are performing their functions properly, but this 
possibility is comparatively remote. 



Fig. 112 — Wiring Diagram of Rbmy Magneto and Coil System. 

Wiring Diagram — Fig. 112 shows a so-called wiring dia- 
gram for this system which is of help in installing it and 
in re-establishing connections if they should have been unmade 
for any reason. As a help in tracing out connections, each of 
the wires has an insulating covering of different color, a 
practice now widely followed in automobile electric work. 
It will be seen that the switch is formed integral with the 
coil, the former being located on the rear side of the dash 
and the latter on the forward side. It is now the general 
practice to carry single coils on the forward side of the dash,  
under the engine hood, where they are better protected .from 
moisture and mechanical injury and where they are out of 
sight. In connecting the battery, it does not make any differ- 
ence to which of the two coil bindin,' ^osts the positive 
terminal of the battery is connected, unless the battery used 
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as a reserve igrnition current source is also used for other 
purposes, on a circuit having a ground return. In that case 
it is necessary that the same side of the battery which is 
grounded by the ground return of this circuit be also the one 
grounded by the coil ground wire, as in the alternate case 
both terminals of the battery would be grounded and the 
battery would be short-circuited. 
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CHAPTER XIV 



The High Tension Magneto 

A high tension magneto is one which furnishes a jump 
spark without the intermediary of a separate coil. The arma- 
ture of such a magneto, in addition to serving the purposes 
of an ordinary armature, also acts as a coil or step-up trans* 
former. In fact, a high tension magneto with its interrupter 
and distributer forms a complete ignition system, the only 
outside parts being the spark plugs and the switch. 

History of the Device — This type of magneto was invented 
by Paul Winant, of Deutz, Germany, in 1888. It seems, 
however, that the technical difficulties involved in the con- 
struction of such a magneto were too great for the state 
of the electrical art at that early period, for, as far as is 
known, no extensive use was made of high tension magnetos 
for engine ignition until Robert Bosch took up their manufac- 
ture about 1903. Bosch had previously for many years manu- 
factured magnetos for low tension make and break ignition. 

Bosch Magneto — ^A sectional view of the latest type of 
Bosch high tension magneto (Model ZU4) is shown in Fig. 
113. The armature core is built up in the same manner as for 
a low tension magneto, as already described. After the insu- 
lation has been put on the core the primary winding A is 
wound on, the beginning of this winding being grounded to the 
core. The secondary winding B is wound right over the pri- 
mary, the beginning of the secondary being connected to the 
end of the primary. 

On a high tension magneto the condenser is usually incor- 
porated in the armature, as this simplifies the connections, 
and in order to reduce the bulk of the condenser, mica is 
used for the dielectric. In this case the condenser C is located 
inside the cup-shaped armature head bi. A lead d is brought 
out from the end of the primary winding to one terminal of 
the condenser, and the other terminal of the condenser is 
grounded to the armature core. The grounding of the primary 
winding and of one side of the condenser is indicated at a. 
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The insulated side of the condenser is also connected to the 
interrupter fastening screw D. As in other types of magneto 
with shuttle wound armature, the armature core is provided 
with two heads, b bi, the one at the driving end being formed 
integral with a solid shaft with a tapered portion to which a 
driving coupling may be secured, and the one on the inter- 
rupter end with a hollow shaft through which extends the 
insulated interrupter fastening screw D. Both of these shafts 
are supported in radial ball bearings. 

The end of the secondary winding B is connected to the 
collector ring E embedded in an insulating ring, with high 
flanges on both sides, on the driving shaft of the armature. 
Upon this collector ring bears a carbon brush F carried in 
a brush holder secured by screws to the end plate of the 
magneto. The brush holder consists of a block of insulating 
material molded to metal fittings, of which one forms the 
holder for the brush F, already referred to, and the other the 
holder for a brush G bearing against the head of the distrib- 
uter pin H. 

High Tension Distributer — ^Mounted on the armature head 
b^ is a spur pinion I which meshes with a gear J on the 
distributer shaft, located directly above the armature, the 
gear having twice the number of teeth as the pinion and 
therefore rotating at only one-half its speed. 

The distributer shaft is made hollow and through it ex- 
tends the distributer pin H, insulated from it by hard rubber. 
Pin H screws into the metal part of the distributer brush 
holder which contains the carbon brush K. The latter is 
pressed by a coiled spring against the internal cylindrical 
surface of the distributer disc L of molded insulating com- 
position. Embedded in this disc are four contact segments 
M which are in electrical connection with binding posts N on 
the outside of the distributer disc, from which connection is 
made to the spark plugs. 

As the distributer brush K rotates it establishes electrical 
connection with the four contact sectors M in succession. It 
will be noted in Fig. 115 that each contact sector covers a 
considerable arc, which insures that brush K will be in con- 
tact with a particular sector whether the spark is timed to 
occur early or late. 

Safety Spark Gap — ^In order to prevent injury to the arma- 
ture windings from excessive voltages, as might occur if one 
or more of the high tension cables leading to the spark plugs 
should become detached and the magneto be oi)erated at very 
high speed, a device known as a safety spark gap is provided. 
This consists merely of an inclined strip of metal secured 
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to the armature cover plate P and approachins to within 
% inch of the holder for brush G. Since one end of the 
secondary winding is grounded and the other end is directly 
connected to brush G, It la obvious that whatever electro- 
motive force Is induced in the secondary winding tends to 
cause a spark to jump between terminal and brush holder G. 
Ordinarily, when all of the high tension terminals leading to 



Fig. 114 — Cboss Section Thbough Bosch High Tension Magnetto. 

the spark plugs are connected and the spark points of the 
plugs are properly adjusted, the resistance to the spark is 
less at the gap of the spark plugs than at the safe^ spark 
gap, and the spark will pass at the plug. But if the spark 
for any reason cannot jump across the gap at the plug, it 
will jump at the safety spark gap and thus protect the arma- 
ture against excessively high electromotive force. 
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Interrupter — Against the end of the interrupter fastening 
screw D bears a conducting strip Q, which establishea elec- 
trical connection between the fastening screw and the ter- 
minal post B on tha outalde of the interrupter box. The 
fastening screw D has a conical seating in, and therefore is 
electrically connected with, the support S of the stationary 



contact c of the interrupter. The movable contact e, of the 
interrupter is carried on one arm of the bell crank T, whose 
other arm is provided with a fiber block adapted to engage 
with cam lobes U U on the inner surface of the interrupter 
box v. The two cam lobes are located oj^Kraite each other, 
and when the fiber block rides on them the contact points c c. 
are separated, while ordinarily they are held together by 
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the bent spring plate W. Effective grounding of the inter- 
rupter lever T is insured by a brush X carried in a brush 
holder formed integral with the interrupter base Y. Varia- 
tion of the moment of breaking the circuit is effected by 
means of a lever arm Z secured to the interrupter shell V. 
Shell V and its cover plate are -held in position by a flat 
spring supported on a stud projecting from the forward end 
plate of the magneto, and they therefore can be very quickly 
removed and replaced. 

A diagram of connections ot the Bosch high tension magneto 
is shown in Fig, 116. All of the principal parts of the machine 




are shown in their proper place. The circuits can 
be very easily traced out and it is unnecessary to explain 
the paths followed by 'the primary and secondary cur- 
rents at length. From the terminal post on the interrupter 
box of the magneto a wire is led to the magneto switch, 
which may be located on the dashboard or the steering post 
of the car. The other terminal of the switch is simply con- 
nected to ground, and when the switch is closed the primary 
winding of the armature is permanently short-circuited, the 
interrupter no longer having the effect of opening it. This 
is clearly shown in Fig. 117. The inductive effect of the 
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primary winding on the secondary winding then is reduced to 
such an extent that no spark is produced. 

Details of Construction — ^A few details of construction 
may here be pointed out. The magneto is completely en- 
closed, the end plates where they join the magnets being 
provided with grooves containing packing material, which 
insures a dust and water proof joint. Over the bearings 
there are oil holes with hinged caps. In the lower parts of 
the housings there are drain holes through which any ex- 
cess oil may drain off. The plain bearing of the distributer 
shaft is lubricated by the so-called wick system. The dis- 
tributer disc is held in position by two spring clips and can 
be quickly removed for inspection, cleaning, etc. It is pro- 
vided with a mica window through which the rotation of the 
distributer brush may be observed. This window serves for 
timing the magneto. On the revolving part of the distributer 
is painted a figure 1 in a circle. In setting the magneto the 
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Fig. 117 — Diagram op Primary Circuit. 

engine crankshaft is first turned so piston in cylinder No. 1 
is in the dead center position at the end of the compression 
stroke, and is then turned back from 22 to 34 degrees (depend- 
ing on the particular engine) . The armature of the magneto 
is then turned until the figure 1 shows in the mica window. 
Then the oil well cover over the distributer gear is lifted, when 
the distributer gear J can be seen through a sight hole. The 
armature is then turned farther until a marked tooth of the 
distributer gear registers with marks on the sides of the sight 
hole. With the armature in this position the magneto drive 
is connected, great care being taken not to move the armature 
during the operation. 

In many magnetos only the armature space is enclosed 
and it is then necessary to use a special design of safety 
spark gap, as, if a spark should occur in the open space be- 
tween the magnets, any gasoline vapor that might be present 
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would probably be ignited and an ex- 
plosion would occur. The safety gap 
used in such cases takes the form 
shown in Fig. 118. A cylindrical cham- 
ber is cast integral with the armature 

T, - ^ o « cover plate. One terminal, the grounded 

Fig. 118 — Safety . , j. n • i. xi. i. i. 

Spark Gap. ®^®» ^® secured centrally into the bot- 

tom of the cylinder and the other into 
the insulated cover plate. This latter is connected to the 
high tension brush holder. Through the wall of the cylin- 
drical chamber are drilled six holes which are covered with 
fine mesh wire gauze. This permits any sparks in the safety 
device to be seen, but no flame to be propagated through the 
wire gauze. 

Principle of Operation — ^When the armature of the high 
tension magneto rotates, electromotive forces are induced in 
both the primary and secondary windings. Since the primary 
winding is short-circuited upon itself by the interrupter, and 
the resistance of the circuit therefore is very low, a heavy 
current will be established in that winding. On the other 
hand, the electromotive force induced in the secondary wind- 
ing, though many times greater than the primary electro- 
motive force, is not sufficient to cause a spark to jump at the 
spark plug to which the insulated terminal of that winding 
may be connected at the moment by the high tension dis- 
tributer. Hence the secondary circuit is open and no current 
flows in it. When the current in the primary winding has 
about attained its maximum value — somewhat earlier or later 
according to the setting of the spark lever — ^the primary cir- 
cuit is interrupted, and the cessation of current in the primary 
winding produces a strong inductive effect on the secondary 
winding. The electromotive force induced in the secondary 
winding by the cessation of the primary current is in the same 
direction as that induced in it by the revolution of the arma- 
ture, hence the two inductive effects add together and produce 
an electromotive force of sufficient strength to cause a spark 
to jump across the gap of the spark plug. 

There is one fundamental difference between the spark 
produced by a true high tension magneto and that produced 
by a coil system. When a separate coil is used the energy 
of the spark is limited by the magnetic energy stored up 
in the core of the coil, since there can be no further supply 
of energy from the source of current after the primary cir- 
cuit is broken. In the case of a high tension magneto, how- 
ever, after the primary circuit has been opened and the arc 
at the spark plug established, the rotation of the armature 
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continues to generate current in the secondary winding, and 
thus tends to prolong the discharge at the spark plug ter- 
minal; in other words, to increase the duration of the spark 
and consequently to increase the quantity of electrical energy 
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Fig. 119 — Flux, Open Circuit Voltage and Primary Current 

Curves op High Tension Magneto. 

involved in it. On account of the greater duration of the spark 
from a high tension magneto the latter is sometimes called 
an arc flame magneto. 

Forms of Flux, Voltage and Current Waves — A voltage 
curve of a magneto generator was shovm in Fig. 59. In Fig.. 
119 is given a similar curve together with a curve showing 
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the flux through the armature core and the current flowing in 
the primary winding of the armature. The outstanding fact 
shown by this diagram is the instant cessation of the primary 
current, which corresponds in time to the beginning of the 
spark at the plug. This diagram is based on one given in a 
paper on "The High Tension Magneto" read by A. P. Young 
before the Aeronautical Society of Great Britain in 1917. 



CHAPTER XV 



Special Types of Magnetos — Care 
and Adjustment 

We have so far described two distinct classes of ignition 
magnetos, in one of which a wire-wound armature rotates 
inside a stationary magnet frame, and in the other of which 
a magnet frame rotates past a stationary armature. There 
is a third class, known as inductor magnetos, in which both 
the ifiagnet frame and the armature winding are stationary 
and only a part of the magnetic circuit, called the rotor, 
rotates. The magnet frame of such a magneto may be similar 
to that of the ordinary magneto with stationary magnet frame, 
but it may also be quite different. 

Rotary Sector Type — There is considerable variation in 
the form of the rotor in inductor magnetos. In the earliest 
form of this magneto for ignition purposes (Bosch) , which is 
now obsolete, the magnet frame and armature had the same 
general form as in a modern rotating armature magneto, but 
the armature was of considerably smaller diameter than the 
bore of the magnet poles, and the space between armature and 
magnet poles was occupied by two sectors of magnetic ma- 
terial, secured to end plates with shafts and adapted to rotate 
around their axis, the armature being fixed in the position 
which in a rotary armature magneto corresponds to maximum 
induction (that is, armature poles midway between magnet 
poles). If it were not for the rotating sectors, no magnetic 
flux would pass through the armature winding. In Fig. 120 
the sectors are shown in two successive positions 90 degrees 
apart. It will be seen that in the first position the magnetic 
lines of force pass through the armature core from top to 
bottom and in the second they pass through in the opposite 
direction. The two positions represented are positions of 
maximum fiux. Hence, the direction of the fiux through the 
armature winding is reversed every 90 degrees, or four times 
per revolution of the sectors, as compared with twice per 
revolution of the armature in a revolving armature machine. 
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An inductor magneto of this particular type therefore has to 
revolve only half as fast as a revolving armature magneto 
under otherwise similar conditions. It is hardly necessary 
to further explain the inductive action, as according to the 
laws of electromagnetic induction, stated in a previous chapter, 
variation of the magnetic flux through a coil of wire always 
induces an electromotive force therein. 

Remy Low Tension Inductor Magneto — ^Another type of in- 
ductor magneto, which has been very extensively used in this 
country, the Remy, is represented by the diagrams Fig. 121. 
This magneto has a rotor composed of a central core and two 
pole pieces, the latter being arranged opposite to each other 
or 180 degrees apart. Over the central part of the core is 
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Fig. 120 — Diagram of Rotating Sector Inductor Magneto. 



located the armature winding in the form of an annular coil 
of sufficient internal diameter to clear the core. The parts 
of the rotor are secured to a shaft mounted in ball bearings 
as usual. The armature coil fits snugly to the magnet poles 
and is supported by them. Referring to Fig. 121, in sub- 
figure 1 the front pole of the rotor is adjacent to pole N of 
the magnet, and the rear pole of the rotor is adjacent to pole 
S of the magnet. The magnetic circuit is completed through 
the shaft and the central core of the rotor. The magnetic 
flux passes from magnet pole N to the front rotor pole, 
through the central core and shaft to the rear rotor pole and 
thence to magnet pole S. Thus the magnetic flux passes 
through the armature coil from front to back. In subflgure 
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2 the rotor is so located that each of its poles forms a path 
between poles N and S of the magnet, and the magnetic flux 
passes from one pole to the other without passing through 
the armature coil. In eubfigure 3 the conditions are similar 
to those in subfigure A, but the front rotor pole is now ad- 
jacent to magnet pole S and the rear rotor pole to magnet 
pole N, so that the magnetic flux passes through the armature 
coil from back to front, or in the opposite direction as in 
subflgure 1. In subfigure 4 conditions are similar to those 
in subflgure 2, except that the front rotor pole is down and 
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Fig. 121 — DiAGBAHS OP Remy Inductor Magneto. 

the rear one up. In this position again no magnetic flux 
passes through the armature coil. It will thus be seen that 
as the rotor evolves the magnetic flux through the coil varies 
continually, and as a result an electromotive force is induced 
in the armature coil. 

As in the case of the rotating armature magneto, the electro- 
motive force in the armature winding attains its maximum 
value when there is no magnetic flux passing through the 
armature winding, as in positions 2 and 4. On the other 
hand, the current induced in the winding reverses its direction 
when the flux through it is at its maximum, as in positions 
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1 and 3. The induced electromotive force in this type of 
inductor magneto therefore is reversed twice for every revolu- 
tion of the rotor, the same aa in a rotating armature matrneto. 

Since the armature coil is stationary, no collector ring and 
brush are required to take the current from the armature and 
the inductor magneto is generally the simplest type possible. 

K-W High Tension Inductor Magneto — Inductor magnetos 



may be either of the low tension or the high tension type. 
If low tension, they have only a single armature coil, as above 
described, while if high tension, they have both a primary 
and a secondary armature winding, the latter being usually 
wound over the former. 

Fig. 122 is a longitudinal section of the K-W high tension 
inductor type magneto and Fig. 123 a sketch of its magnetic 
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circuit. The two magnet poles of this magneto, instead of 
being located on opposite sides of the rotor or 180 degrees 
apart, are located at quarters, or 90 degrees apart, and the 
rotor is built up of thin laminations of sheet iron which are 
riveted together, bored ont, turned off and secured to their 
shaft by taper pins. There are two of these blocks of lamina- 
tions and they are secured to the shaft at right angles to each 
other. The rotor, therefore, has four poles, and it can easily 
be shown that in this magneto four 
impulses are induced per revolution. 
Being driven at crankshaft speed, the 
magneto can be used for firing any 
motor from a single cylinder to a 
four-cylinder two-cycle and from a 
two-cylinder to an eight-cylinder 
four-cycle. The cam used for operat- 
ing the interrupter, carried at the 
end of the rotor shaft, is a cylinder 
with one or more flats on it — one flat 
for a two-cylinder, two flats for a 
four-cylinder, and four flats for an 
eight-cylinder motor (all four-cycle). 
In the case of the two-cylinder motor 
only one-quarter of the impulses and 
in case of the four-cylinder only one- 
half the impulses are utilized. Dur- 
ing the other electromotive impulses 
the interrupter does not operate, and 
no spark is produced. 

Leads from the primary winding 
extend downwardly and pass out 
through the base to the interrupter, 
and a lead from the secondary wind- 
ing extends upwardly and connects 
to the high tension distributer and 
the safety spark gap. All of the 
accessory devices, such as interrup- 
ter, distributer and safety spark gap, operate on the same 
principle as other devices of the same class already described, 
differing from them only in details. This particular mag- 
neto is claimed to generate a sine wave of current, which 
permits of a comparatively large timing range. 

Dixie Magneto — A peculiarity of the Dixie high tension 
magneto, manufactured by the Splitdorf Electrical Company, 
is that IJie permanent magnets of U form straddle the length 
of the revolving part or rotor, so that the axis of the rotor 
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lies in the central plane of the field magnets, instead of being 
perpendicular thereto. Both windings — ^primary and second- 
ary — are stationary, and current is induced in them by the 
rotation of the rotor, which consists of a central part of non- 
magnetic material with pole extensions of magnetic material 
on both ends, the whole being secured to short shafts carried 
in bearings supported by the field magnets. In addition to the 
stationary field frame, consisting of two U-shaped magnets, 
and the rotary element or rotor, there is .in this magneto a 
third member of the magnetic circuit, consisting of the core 
on which the coils are wound, and two pole shoes secured 
thereto. This core and the pole shoes are built up of lamina- 
tions of soft sheet iron. The two polar extensions come quite 
close to the inside surfaces of the two x>oles of the field mag- 
nets respectively. The path of the flux through the magnetic 
circuit is clearly shown in the diagram Fig. 124, from which 
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Fig. 124 — Magnetic Circuit Diagram of Dixie Magneto. 

it may be seen that the flux through the coils is completely 
reversed in direction twice during every revolution of the 
rotor. In Fig. 125 is shown a section through the rotor axis 
of the Dixie magneto. For eight and twelve-cylinder engines 
the field poles are placed at quarters and double polar exten- 
sions, set crosswise of each other, are provided, the principle 
employed being the same as that embodied in the K-W magneto 
already described. 

Teagle Inductor Magneto — ^Another unusual magneto is 
the Teagle, manufactured in Cleveland, Ohio. It employs 
straight bar magnets which are carefully ground and clamped 
to top and bottom yokes. The bottom yoke forms a pole piece 
extending nearly half way around the rotor tunnel, while the 
top yoke has two poles, one carrying the windings or coils, 
and the other serving as a magnetic by-pass. The magnetic 
circuit is shown diagrammatically in the two accompanying 
sketches Fig. 126. In one the rotor pole is shown opposite 
the pole of the top yoke which carries the windings or coils. * 
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and with the rotor i^ this position, the maximum flux passes 
through the coils. In the other sketch the rotor is shown 
opposite the end of the magnetic by-pass, and in this position 
all of the magnetic flux passes through the by-pass and none 
through the coils. As the rotor has two poles, the flux through 
the coils passes through a maximum and a minimum twice 
during every revolution of the rotor. 

Magnetos for V Type Engines — In most types of engines 
explosions occur at regular intervals, and as the ordinary 
magneto generates current impulses separated by equal time 
intervals, by selecting a suitable gear ratio between engine 



Fia 126 — SscnoN Through Dixie Maoneio. 

crankshaft and magneto armature shaft, the ignition require- 
ments of both two and four-cycle engines of any number of 
cylinders can easily be met. It is different, however, with the 
so-called V type engine often used for motorcycles, in which 
two cylinders are set at an angle of 90, 60 or 45 degrees. If 
the angle between the two cylinders of a V motor is desig- 
nated by a, then the explosions in the two cylinders follow each 
other at irregular intervals corresponding to crankshaft mo- 
tions of 360 + a degrees and 360 — a degrees, respectively. 
One method of solving the problem of producing sparks at un- 
equal intervals corresponding to the intervals between explo- 
sions is to use two separate armatures arranged end to end in 
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the same magnet frame, one armature being displaced angular- 
ly with relation to the other. Ordinarily for a two-cylinder 
motor the armature would be driven at one-half crankshaft 
speed and the angular displacement of one armature relative 
to the other would be equal to half the angle between cylinders. 
This solution of the problem is not a very fortunate one, how- 
ever, as a double armature magneto is expensive, and on these 
smaU two-cylinder motors it does not pay to use such expen- 
sive ignition apparatus. 

Bosch Magneto for V Motors — ^A very neat solution of the 
problem of magneto ignition for two-cylinder V motors has 
been worked out by the Bosch firm. The magneto runs at one- 





FiG. 126 — Magnetic Circuit Diagrams of Teagle Inductor 

Magneto. 

half crankshaft speed and therefore must produce sparks at 
intervals corresponding to 180 + a/2 degrees and 180 — a/2 
degrees of armature motion. The peaks of the armature 
currents must be spaced the same. 

As shown in Fig. 127, the two pole shoes of the shuttle 
armature are displaced longitudinally with respect to each 
other, one shoe extending beyond the central part of the shuttle 
at one end, and the other shoe at the other end, the inner 
end surfaces of the two shoes lying in the same median plane 
of the magneto. The pole pieces of the magneto also change 
in section at the middle of their length. Referring to Fig. 
128, which represents a front elevation of the magneto partly 
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Pig. 127 — Abmatuke Core of 
Bosch Maqneto for Two 
Cylinder V Type Engines. 



in sectioD, the front half of 
the left-hand pole piece sub- 
tends a comparatively small 
arc of the circumference, , 
while the rear half subtends 
a considerably greater arc. 
Correspondingly, the front 
half of the right-hand pole 
piece subtends a compara- 
tively large arc of the cir- 
cumference and the rear 
half a small one. In the drawing the halves of the pole pieces 
and the armature core toward the reader are cross sectioned. 
The voltage induced in the winding of the armature attains 
its maximum when the pole shoes of the armature are mid- 
way between the pole pieces of the field, as then the direction 
of the magnetic fiux through the armature core is reversed 
and its rate of change is a maximum. It will be seen that 
the armature is shown in one of these positions of maximum 
voltage. The next position of maximum voltage is reached 
after an angular motion of 180 + a/2 degrees, as indicated in 
dotted lines. Then both armature pole pieces are again mid- 
way between the field poles at their respective ends of the 
magneto. From the moment of this maximum voltage to that 
of the next an angle of 180 — a/2 degrees must be passed 
through by the armature. In Fig. 129 the curve in full hnes 
represents in a general way the voltage wave obtained from a 
magneto of this type, while the dotted curve represents the 
voltage wave of a standard 
magneto. 

High Tension Insolators — 
All parts of the magneto 
carrying the high tension 
current must be covered with 
material of high insulating 
properties (dielectric 
strength). Some of these 
parts at least are of compli- 
cated form and can be fash- 
ioned only by molding. The 
materials used, - moreover, 
should preferably have con-v 
siderable mechanical 

strength and not be injured _ ,<id «» _ ,n .. _ — 

u. _.j t. J I.- L i. Fig. 128 — Magnetic Circuit of 

by moderately high tempera- q^^^^ Magneto for V Typb 
ture. Hard rubber has the Enoinb?. 
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necessary insulating qualities but does not withstand high 
temperatures. Such parts as distributer blocks are generally 
molded from insulating composition possessing the various 
qualities required. Of such compositions there are several, 
such as bakelite and stabilit. The former is an American, 
the latter a German product. Bakelite is a synthetic product 
which is solid at ordinary temperatures, fuses at moderately 
high temperatures and becomes infusible and insoluble when 
subjected to high temperatures. The parts of this material 
are formed in molds held on steam jacketed heads in a press, 
the steam being at about 100 pounds per square inch pressure, 
which corresponds to a temperature of 340 degrees Fahr. 
At this temperature the composition flows readily in the molds. 
A molecular transformation takes place when the composition 
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Fig. 129 — ^Voltage Waves op V Type and Standard Magnetos. 



is subjected to high pressure in the heated mold. It is allowed 
to cool under pressure in the mold, is then removed, and 
finally is subjected to a special treatment consisting in placing 
it in a chamber containing an air pressure of from 100 to 
120 pounds per square inch, which is heated by live steam 
under 40 to 100 pounds pressure in a jacket surrounding the 
chamber. This final treatment gives the product a permanent 
character. Bakelite thus treated withstands temperatures up 
to 600 degrees Fahr., is insoluble and not affected by atmos- 
pheric influences. Most of these insulating compounds are 
the products of a reaction between phenol and formaldehyde. 
There is, however, a German product used for this purpose 
which is made from skimmed milk and known as galalith 
(milk-stone). 
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Galalith is manufactured from casein by means of for- 
maldehyde. A solution of casein is obtained by treating 
skimmed milk with caustic alkali. The solution is clarified 
and the casein precipitated by means of acids and then 
filtered. The water is then partly extracted by pressure 
and the product dried very slowly. The drying process ex- 
tends over a period of several weeks. The casein plates 
thus obtained are thoroughly saturated with formaldehyde 
and dried again. The product is somewhat transparent, of 
a yellowish-white color and very similar to horn. 

Galalith is an excellent insulating material and may be 
fashioned either in the cold state or after it has been softened 
by using hot water. It is free from odor and is not so in- 
flammable as celluloid, but is never entirely transparent and 
it is not possible to manufacture it in very thin sheets. Its 
specific weight is 1.317 to 1.35; the hardness is 2.5 according 
to the Moh scale. 

In the case of high-tension distributers the metal parts 
are sometimes molded in rings or blocks of hard rubber and 
these are then molded in some synthetic insulating material. 

Care and Adjustment of Magneto — The modern ignition 
magneto requires very little attention and is undoubtedly one 
of the most dependable machines ever designed. Of course, 
it must be oiled now and then. All magnetos have ball bear- 
ings on the armature shaft and some have this type of bear- 
ing also on the distributer shaft, although the latter carries 
exceedingly little load. Ball bearings require lubrication only 
at long intervals and the object of the oil in their case is 
not so much to form a separating film between journal and 
bearing as to protect the balls and races against rust. There 
is a natural inclination to use cylinder oil, as this is always 
at hand in the garage, but this oil has a tendency to gum. 
It is better to use a lighter grade of oil, because there is 
neither great pressure on the bearing surfaces nor are they 
subjected to high temperatures. Oil of the grade generally 
used for sewing machines is best adapted for this purpose. A 
few drops every 1000 miles of running is generally sufficient. 
Care must be taken not to over-oil the magneto, as, if oil 
should get into the distributer, it is apt to cause trouble. Oil 
on the interrupter points also is likely to lead to trouble, 
causing sparking at the points and irregular operation. 

Magnetos should always be kept clean and as free from 
moisture as possible, because dirty water is a conductor of 
electricity, and there is always some chance for it to work 
through joints and crevices to the high tension conductors 
and as a result to cause leakage of current. The distributer 
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plate must be removed occasionally to see whether any carbon 
dust wearing off the distributer brush has collected on it. 
This dust may form a leakage path between distributer seg- 
ments and thus cause irregular firing. If any dust is found 
it should be removed by wiping the plate with a cloth, and if 
the carbon is caked the cloth may be moistened with gasoline 
to render it more effective. After the plate has thus been 
cleaned a light film of oil may be applied to its wearing sur- 
face to prevent excessive wear of the segments and carbon 
brush. In low tension magnetos the carbon brush which takes 
the current from the collector ring may fail through sticking 
in its holder or the ring becoming gummy, thus preventing 
good electrical contact between brush and ring. The remedy 
for this trouble is to refit the brush in its holder and to clean 
the ring with a fine grade of sand paper. 

Adjustment of Interrupter — ^Undoubtedly the most impor- 
tant part of the magneto so far as maintenance is concerned 
is the interrupter. If the magneto fails to furnish a spark 
this part should be carefully examined. The contact screw 
may require adjustment to obtain the best length of open- 
ing between contacts, usually about 1/64 inch. If the plati- 
num contact points are rough or in bad condition they should 
be carefully dressed with a fine flat file. It is well to observe 
whether the interrupter lever moves freely on its pivot, and 
in case it does not do so it may be necessary to ream out 
the hole through it. All screws and nuts in the interrupter 
should be examined as to their tightness and screwed up tight 
if necessary. As to whether the fault is in the plugs and 
cables or in the magneto itself, in case of irregular firing, can 
be observed by removing one of the high tension cables at 
a time and observing the spark at the safety spark gap. It is 
not advisable, however, to let the spark play at the safety 
spark gap for any great length of time, for this spark requires 
a higher voltage than a spark at the plug, and therefore 
subjects the insulation of the secondary winding to higher 
strains. 

Location of Troubles — One thing that it is well to keep in 
mind in case of ignition trouble is that missing of one cylin- 
der is almost certain to be due to defects in the spark plug 
or the cable leading to it, while an absolute failure of the 
ignition is due to a defect in the low tension circuit, which 
includes the interrupter. The wire leading to the switch may 
have become grounded or the switch itself short-circuited. 
If the engine fails to stop when the spark is turned off — 
provided this is not due to self ignition caused by overheat- 
ing of the cylinders— the trouble may be due to failure of 
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the switch members to make proper contact, to a break in the 
switch wire or to a loose connection in the switch circuit. All 
carbon brushes^ of course, wear out eventually, and have to 
be replaced. 

If an armature should be damaged so that it will not gen- 
erate, it should be sent to the makers for repairs, or at least 
to some firm making a specialty of magneto repairs. In case 
a magneto is entirely dissembled, a keeper, that is, a heavy 
plate or bar of soft steel or iron, must be applied to the poles 
of the magnets, or they will lose some of their strength. 
In regular operation the magnets of a magneto having such a 
good magnetic circuit as the average two-pole magneto seldom 
lose their strength, unless they are subject to very high 
temperature by proximity to the exhaust manifold or there 
are other unusual conditions. Care must also be used in re- 
assembling the magnets so as not to reverse one of them. In 
many cases where complaints are made to manufacturers that 
the magnets have lost their strength it is found that they have 
been taken apart and in reassembling one magnet has been 
turned the wrong way jso that it opposes the others. This, of 
course, is most likely to occur with magnetos comprising a 
considerable number of magnets. 



CHAPTER XVI 



Methods of Spark Timing 

One of the undesirable features connected with conventional 
magnetos in which only the moment of opening the primary 
circuit is varied in timing the spark, is the small range 
in timing available, usually only about 25 degrees. This is 
due to the fact that there is an appreciable current flowing 
in the armature only during the time of a small angular move- 
ment of the armature. Fig. 130 shows the approximate form 
of the voltage impulse induced in the armature. Owing to 
the self-induction of the armature the current wave will lag 
slightly behind the electromotive force wave, attaining its 
maximum value 4 or 5 degrees later than the former. Of 
course, the most voluminous spark is produced in the sec- 
ondary if the primary circuit is broken at the moment the 
current in it is at a maximum, that is, when the central plane 
through the pole pieces of the armature has passed the ver- 
tical by 4 or 5 degrees. If the opening of the primary circuit 
occurs either earlier or later the volume of the spark will 
thereby be reduced, and if it occurs sufficiently earlier or 
later the secondary electromotive force will not be sufficient 
to produce a spark. The possible advance and retard are 
therefore limited to a short range ahead and behind the cur- 
rent peak position. In 
magnetos in which spark 
timing is effected by vary- 
ing the time of opening 
the primary circuit rela- 
tive to the time of maxi- 
mum induction in the 
armature, the timing 
range is seldom in excess 
of 25 degrees of crank 
motion, unless the pole 
Fig. 130— Current Wave op Ordi- Pieces are given a special 
NARY Magneto. shape. 
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Reason for Peaked Current Curve — ^It may be of interest 
to analyze the reason for the peaked form of current wave, 
more particularly since a quite different form, the sine wave, 
was described in an earlier chapter as characteristic of alter- 
nating currents. The peak form of wave is due chiefly to the 
H type armature. When the armature core is in its position 
of rest, that is, with the armature poles facing the magnet 
poles, a slight motion of the armature makes almost no change 
in the number of lines of force passing through the armature 
winding. In fact, the armature may move through a certain 
angle without effecting any increase in the reluctance of the 
magnetic circuit, as the armature poles remain masked by 
the field poles. As the armature poles move out from under 
the field poles the area of the air gap becomes less, but at 
first the proportional reduction of this area for an armature 










Fig. 131- 



-Illustrating Change in Magnetic Resistance 
Circuit with Shuttle Type Armature. 



OP 



motion of, say, 10 degrees, is small. But when the trailing 
edge of the armature pole approaches the far edge of the field 
pole, the area of the air gap decreases at an exceedingly rapid 
rate ; consequently the magnetic flux decreases- very rapidly 
and a high e.m.f . is induced in the armature winding. In Fig. 
131 the armature core and field poles are shown in eight dif- 
ferent positions, succeeding positions being separated by equal 
angles of armature motion. It will be seen that the propor- 
tional decrease of the air gap, which is measured by the length 
of the heavy black sector, is at first very small and toward 
the end very large. 

In order to widen the peak of the current wave — in other 
words, to increase the angular range through which the arma- 
ture current ?s sufficiently strong to produce a spark — ^the 
magneto pole pieces must be so changed that the reduction 
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in the number of lines through the armature as the armature 
core approaches the vertical position occurs more gradually. 
One way of accomplishing this is to give the magnet poles a 
helical or twisted form, so that. the trailing edge of the arma- 
ture pole, instead of passing out from under the magnet pole 
all at once does so gradually. In Fig. 132 is shown an end 
view of a magnet frame with helical pole pieces and a develop- 
ment of the pole faces on a plane surface. The change in 
the magnetic flux here again is most rapid when the armature 
pole is located symmetrically between field poles, but since 
the trailing edge of the armature pole begins to pass out from 
under the field pole considerably earlier than in the standard 
design of magneto, the decrease in the magnetic flux through 
the armature core is more "spread out" and hence the cur- 
rent curve is flattened. Another effect of giving the pole 
shoes a helical form is said to be to reduce the demagnetizing 





Fig. 132 — Heucal Edged Pole Faces. 

effects on the magnets. This principle was first employed by 
the Eisemann Magneto Co., which now gives its pole shoes a 
somewhat different form, evidently intended to accomplish 
the same object. This may be described as follows: The 
edge of the pole face, starting from one end, instead of run- 
ning parallel to the axis of the armature bore, runs helically 
around it for half the length of the bore, and thence it runs 
helically in the opposite direction to the other end. In other 
words, the adjacent edges of unlike poles come closest to- 
gether at the middle of their length and recede uniformly from 
each other from the middle towards both ends. 

A different plan for obtaining a comparatively flat current 
wave is to make the pole edges comb-shaped, or, in other 
words, to saw into the pole edges, as shown in Fig. 133. With 
the ordinary pole construction the magnetic flux through the 
armature remains very high until a moment before armature 
and magnet pole part company, but by reducing the effective 
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iudal lenfirth of the pole area by about one-half, by means of 
the saw slots, the angle of a high rate of reduction in the flux, 
and consequently of heavy armature current, is increased. 
Combed pole pieces of this general type are used by the Bosch 
Magneto Co. In addition to being ''combed" the pole shoes 
are also made unsymmetricaL 

Roddiig Magnet Frame for Spark Timing — It has been 
pointed out repeatedly that, other things bei^g equal, the hot- 
test spark is produced if the primary circuit is interrupted 
when the current in it is at a maximum. But with the ordi- 
nary method of spark timing the moment of interrupter action 
is varied relative to the moment of maximum induction, hence 
the spark will be stronger for certain positions of the spark 
lever than for others. Naturally, the timing gear would be so 
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Fig. 133— Slotted Pole Tips. 

adjusted as to cause a hot spark to be produced with the timing 
lever in the position corresponding to normal engine speeds. 
This means that when the engine runs at low speed, for which 
the spark lever must be set to give late ignition, a weak spark 
is produced. Since under these conditions the engine generally 
receives a rather poor charge, which is difficult to ignite, it 
would be much better if the spark could be maintained at its 
maximum value. Various expedients have been resorted to 
with a view to this end. One of the first of these was that 
employed by the makers of the Mea magneto who, in order to 
change the timing of the spark, rock the magnet frame around 
the armature axis. To make this easier, a bell-shaped magnet 
is used which is mounted on trunnions in a housing, with the 
axis of the bell coinciding with the armature axis. It will be 
readily understood that if the magnet frame is moved around 
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in the direction in which the armature rotates, the armatnre 
will reach the position of maximum induction somewhat later. 
Also, since the so-called stationary contact of the interrupter 
is fixed to the magnet frame, it will be moved around through 
the same angular distance as the frame, and the interruption 
of the primary circuit will be retarded just as much as the 
instant of maximum current Hence, if the interrupter is once 
set to break the circuit when the primary current is at its max- 
imum, it will always break it at that point, whether the spark 
is advanced or reterded, and the volume of the spark, conse- 
quently is not affected by advancing or retarding the spark. 



On the contrary, the spark always has its maximum value. 
Spark timing is effected by rocking the whole magnet frame 
in its supporting trunnions. Turning it in the direction of 
armature rotation retards the spark and turning it in the 
opposite direction advances the spark. The same plan is used 
by Eisemann on some models embodying field magnets of con- 
ventional form, and by Splitdorf in the Dixie magneto in 
which, instead of the field magnets, the armature core with its 
poles is rocked around the rotor axis. The Mea magneto ia 
shown in section in Fig. 134. The magneto proper is enclosed 
and supported in bearings in a separate housing end for the 
sake of contrast the section of the housing is shaded. 



METHODS OF SPARK TIMING 171 

SpaA fining by Helical Slots — Inetead of rocking the 
field magnet around the armature axis, we may move the arma- 
ture around that axis and relative to its driving shaft to at- 
tain the same final result. Suppose the armature to be in driv- 
ing connection with the engine crankshaft and the interrupter 
to be in the position where the break ia about to occur. If 
now we disconnect the armature shaft from its driving shaft, 
Bwing the armature back through a certain angle and connect 
its shaft again to the driving shaft, then the circuit naturally 
wiU be broken later in the cycle of the engine and the spark 
will be retarded. In practice this motion of the armature 
shaft relative to the driving shaft is effected by means of a 
sliding sleeve with a pin on it. One of the two shafts to be 
connected is hollow ^nd passes over the other, and the sliding 




Fig. I3&— Helical GaoovE and Key Timing Mechanism. 

sleeve, which is outside of both, carries a pin which extends 
through a helical groove in the hollow shaft and into a straight 
or helical slot in the inner shaft. If the slot is helical it must 
be curved in the opposite direction from the groove in the 
hollow shaft. The sliding sleeve is provided with a circum- 
ferential groove on the outside into which engages a forked 
lever, and by sliding the sleeve lengthwise in qne direction 
or the other the magneto armature can be moved angularly 
with relation to the driving shaft. Fig. 135 shows such a con- 
struction in which two pins and two sets of slots are used. 

Automatic Timing — Instead of shifting the sliding collar 
by hand it may be shifted automatically by means of a centri- 
fugal governor, and this principle is employed by Eisemann. 
Three sectional views of the Eisemann automatic timiosr 
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mechanism are shown in Fig. 136. Driving shaft A Is cut 
with a helical key and is surrounded by a sliding block having 
a corresponding helical keyway. Sliding block B is adapted 
to slide in the guide CC which is secured to and forms an ex- 
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tension of the armature shaft. Sliding block B is provided 
near its outer end with a pair of trunnions D to which connect 
two pairs of links E that are hinged to the free ends of the 
centrifugal weights F. These weights are pivoted to the guide 
C. A coiled spring G normally keeps the sliding block B 
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affalnst a collar on the driving shaft and the centrifugal 
weights close to the axis of rotation. This is the position of 
maximum retard. As the engine speeds up the centrifugal 
force acting on the centrifugal weights causes them to move 
out from the axis of rotation, drawing sliding block B toward 
the armature against the pressure of spring G, and through the 
intermediary of the helical Icey and keyway, angularly moving 
the armature relative to the driving shaft in the direction of 
armature rotation, tbereby advancing the spark. The spark 
ie advanced in direct proportion to the speed, and this is ef- 
fected entirely automatically without attention from the driver. 
Aatomatic Timing Coupling — A magneto coupling incor- 
porating a sparlt governor is manufactured by Herz & Co. (Fig. 
137). The coupling consists essentially of two discs, which 
have spiral grooves cut In their adjacent faces, the grooves 




FtG. 137 — Herz Governor Coupung. 

in one disc being right-handed and those in the other disc left- 
handed. There are five grooves in each disc, and in the pockets 
formed where two grooves cross are located steel balls. The 
driving effort transmitted through the coupling tends to keep 
the balls in a position close to the shaft, but as the speed of 
the coupling increases, centrifugal force acting on the balls 
causes them to move outwardly in the grooves, thereby angu- 
larly advancing the disc secured to the armature abaft relative 
to the disc secured to the driving shaft, Tbia governor coup- 
ling is very compact and can be used in place of the ordinary 
magneto coupling. It permits of any timing range desired, by 
varying the inclination of the grooves, but the standard con- 
struction provides for a range of 40 degrees. All parts of the 
governor are made of tool steel, hardened and ^ound. 

Aatotnatically Timed Battery Ignition — It has already been 
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pointed out that with a so-called closed circuit type interrupter 
the moment of interruption of the primary circuit is not af- 
fected by the engine speed. Such interrupters or timers are 
also known as synchronous timers. Open circuit interrupters, 
as a rule, are non-synchronous and require a greater degree 
of advance for a certain increase in engine speed, for the rea- 
son that this advance must compensate not only for the lag 
due to flarae propagation, but also for the lag due to inter- 
rupter action. For this reason, the spvk, if hand timed, re- 



FiG. 138 — Atwatee Kent Sfakk Governor. 

quires more constant attention with an open circuit than with 
a closed circuit system, and automatic timing is most ex- 
tensively used with the former. 

In connection with the Atwater Kent interrupter, already 
described, there is used an automatic timer or governor which 
is located at the bottom of a housing that also accommodates 
the interrupter and the high tension distributer. A plan view 
of the governor is shown in Fig. 138. The device is of sym- 
metrical design and absolutely balanced. It comprises four 
governor weights A, and two double armed brackets BB. The 
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former is connected to a short driving shaft entering the 
igniter housing centrally through the bottom, while the latter 
is connected to the notched interrupter shaft which is slotted 
across its end for connection with the distributer shaft. The 
two governor weights on the same side of the shaft are pivot- 
ally connected together at their middle, and each has a pivot 
support on one of the bracket arms. Four coiled springs E 
extending between the pivot pins of the governor weights and 
the opposite bracket arms tend to keep the weights in a posi- 



38 



32 ^ 



ea 



I 



9 



e4 



hto 



u 



16 



la 



<7V 

«4 























r" 










. 










/ 


y 




1-, 














/ 


/^ 






 












/ 


/ 














• 


— ' 


/ 


A. 


















/ 


r 
















y 


/ 










-*• 


- 


« 




M 


/ 


/^ 


V > 


^J 




- 








■f. 


/ 


/^ 


 


^^'■ 








>:'  




rA. 




f 












- 






# 


M 




















r- 



200 400 600 800 1000 1200 1400 1600 1800 2000 2200 
Hevolu+ion^ per Mirju+e of Ci'ar7K^ba%l" 

Fig. 139 — Speed-Spark Advance Curve op Atwater Kent System. 



tion close to the shaft, but when the shaft rotates, centrifugal 
force tends to move the weights outward, and any outward mo- 
tion of these weights is accompanied by a rotation of the 
notched shaft with respect to the driving shaft. The motion 
of the governor weights is radially out from the centre, and 
the centrifugal force on them therefore acts to the best ad- 
vantage. 

The governor thus moves the interrupter shaft ahead of the 
driving shaft as the speed increases, thereby advancing the 
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ignition. Fig. 139 is a diagram showing the advance corre- 
sponding to different speeds of rotation. 

Insurance Against ^Back-Kicks" — ^An advantage of auto- 
matically-timed ignition is that the danger of back-kicks in 
starting the motor is obviated. When hand cranking was prac- 
ticed exclusively, many drivers suffered broken wrists as a 
result of forgetting to set the spark late before cranking the 
motor, thus causing the charge to be fired before the piston 
in the firing cylinder had reached the top of the stroke. Strict- 
ly speaking, dangerous back-kicks are possible only with bat- 
tery ignition, because with magneto ignition, in order to gen- 
erate a spark, the crank has to be turned vigorously and the 
momentum of the fly-wheel will then carry the engine over 
dead center even if the charge is fired before the dead center 
position is reached. With a battery system the crank is 
usually just pulled over dead center, as nothing is gained 
by cranking fast, and if the spark lever happens to be set 
for early ignition the operator runs grave risk of personal 
injury. Such risks are obviated by the automatic advance or 
spark governor. 

Spark governors are also used by the Westinghouse Electric 
& Mfg. Co. and the Dayton Electrical Laboratories Co. in their 
battery ignition systems. 

Various expedients have been resorted to in order to prevent 
the cranking of an engine while the spark lever is in the ad- 
vanced position. One consists in a sort of block which is 
moved between the engaging ends of the crankshaft and the 
starting crank, by means of the spark lever, in the act of set- 
ting the spark early. It is then impossible to engage the start- 
ing crank. Another consists in the provision of a mechanism 
whereby the act of pushing in the starting crank for engaging 
it with the claw on the crankshaft automatically retards the 
spark. 
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Combined Magneto and Battery Systems 

In Europe it is the general practice to depend for ignition 
solely on the high tension magneto, in starting the motor as 
well as in regular operation. Starting a motor by hand on 
magneto ignition requires rapid spinning of the crank, in- 
stead of merely turning the crank oyer the dead center. Spin- 
ning is readily accomplished with a motor of small cylinder 
dimensions, but is quite difficult with motors of such large 
cylinders as were in common use in this country previous to 
1910. This condition led to the widespread adoption in this 
country of a battery as an auxiliary source of current, which 
is used in conjunction with more or less of the apparatus of 
the magneto system. Such ignition systems employing a dou- 
ble source of current are usually referred to as dual systems. 

The battery is most easily combined with a magneto and 
coil system, and an example of this dual system (the Remy) 
was illustrated in Fig. 109. To render a magneto and coil 
system dual requires no additional apparatus besides the bat- 
tery, which is connected to what would otherwise be the dead 
button of the ignition switch and to the secondary grounding 
terminal of the coil. With a high tension magneto the prob- 
lem is somewhat more complicated and affords opportunity for 
a variety of solutions which are perhaps best illustrated by 
the various combined magneto and battery systems offered 
by the Bosch Magneto Co. — ^the "Two Independent," the Dual 
and the Duplex systems. 

^TTwo Independent" System— With the "Two Independent" 
system two sets of spark plugs are used and the engine can 
be fired either by sparks from the battery, by sparks from 
the magneto or by both acting simultaneously. The battery 
system comprises a combined interrupter and distributer, a 
coil and a separate set of spark plugs. The interrupter is 
of the magneto type and therefore gives a single spark per 
explosion. Combined with the coil is the ignition switch which 
serves for both magneto and battery ignition. The coil i3 
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designed to be carried on tiie dashboard in a horizontal posi- 
tion, extending forward from the dash, while the switdi la 
on iiie rear side thereof. Referring to Fig. 140, which is a 
sectional view of the coil and switch, the movable brass cover 
A of the coil carries the switch handle B and is secured to 
the cylindrical housing C by means of a bayonet joint. A 
pin set on the coil end plate engages an opening in the cover 
which causes the coil and the cover to move together. Switch 
contacts are located on the other end plate of the coil, and 
permit the operation of the switch by the movement of the 



cover. There are four switch positions, viz., "Off," "Battery," 
"Magneto and Battery" and "Magneto," indicated on the switch 
cover by their initial letters. The base of the coil housing is 
formed by the stationary contact plate E and the contacts 
carried on it register with contacts on the movable switch 
plate F. Partial rotation of the coil by the movement of the 
cover plate causes the different switch contacts to engage. One 
end of the primary winding is connected to a segment on 
switch plate F and the other leads to a vibrator G at the rear 
end of the coil. The condenser D for this vibrator is located 
between the coil windings and the vibrator. 
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The coil is provided with a key-lock, which may be operated 
only when the coil is in the "Off" position. This prevents 
unauthorized use of the engine, and by making it impossible 
to lock the switch in any of the operative positions, renders 
it unlikely that the switch will be left unintentionally in one 
of the battery positions and thus allow the battery to run 
down. With a vibrator coil system it is extremely unlikely 
that the engine be left with the switch closed and the primary 
circuit completed through the timer so that the battery would 
discharge through the coil, as the vibrators in that case give 
audible warning. With a magneto type interrupter, however, 
there is no such warning, and if such an interrupter is used 
on a battery there is always some danger that the switch may 
be inadvertently left closed and the battery will run down. 
Evidently, where a lock is provided on the switch and this 
lock is habitually used, this danger is practically eliminated. 

Starting on the Spark — One advantage of battery and vi- 
brator coil ignition over ignition by magneto only, and some 
other forms of battery ignition, is that with the former a 
spark may be produced in an engine while the latter is at 
rest, and this often enables one to start an engine with four 
or more cylinders without cranking. This phenomenon may be 
explained as follows: 

A four cylinder engine usually comes to rest with the pistons 
in all cylinders near midstroke. An engine usually stops 
after ignition is cut off, because there is not sufficient energy 
left in the flywheel to carry it over one of the following com- 
pressions. The piston in the cylinder in which compression 
takes place may get near the top of the stroke but stops short 
of the end of it. The compression pressure acting on the 
piston in this cylinder will then force the piston back some 
distance. Of the other three cylinders, the two which were on 
their inlet and exhaust strokes, respectively, have their valves 
open and are therefore without pressure. On the other hand, 
the cylinder which would have had a burning charge in it had 
the ignition not been cut off, has as much combustible charge 
in it as the one on its compression stroke, and, besides, its 
valves are closed. Therefore, when the crank reverses, the 
piston in this cylinder will move up and recompress the charge, 
and when it is at midstroke the pressure on this piston and 
that on the one which failed to fully compress its charge are 
equal, and the crankshaft is in equilibrium. Therefore, the 
engine comes to rest in this position. 

Now, the contact segments of a timer usually extend over 
more than one-half the circumference, and if the spark lever 
is set for late ignition the movable contact of the timer will 
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still be on the segment corresponding to the spark plug in 
the cylinder in which in normal operation the firing stroke 
would be performed, when the piston in this cylinder reaches 
midstroke. Theref ore, when the switch is closed the primary 
circuit will be closed, the magnetic vibrator will begin to 
operate and a shower of sparks will be produced in the cylinder 
referred to. If the engine has not been at rest for any great 
length of time and its cylinders are fairly tight, there will be 
an explosive charge in the cylinder in which the sparks occur, 
which will be exploded, and the resulting pressure on the 
piston will carry the crank around, thereby drawing in a fresh 
charge in one of the other cylinders, compressing and firing 
it. This is known as "starting on the spark,'' and this method 
of starting is available on all engines having an ignition sys- 
tem comprising a magnetic vibrator. Of course, one cannot 
depend upon this method for starting under all conditions, 
but since it often relieves the driver of the work of manual 
cranking it is a valuable feature. In order to render starting 
on the spark more certain it is well, in stopping the engine, as 
the spark is shut off, to open the throttle wide. This insures 
a rather rich mixture being drawn in during the last few 
strokes of the engine, and what is necessary to make the 
starting spark effective is a good, strong mixture in the cyl- 
inders. 

The Bosch Two Independent system employs a magneto 
type interrupter for the battery circuit, but to permit of 
starting on the spark, a magnetic vibrator 6 is provided in 
addition. Referring to Fig. 140, the stationary contact of 
this vibrator is carried on a button H, located centrally in 
the switch plate. In an ordinary magnetic vibrator the two 
contact points are normally together, so that as soon as the 
ignition switch is closed the primary circuit is completed 
and the vibrator begins to operate. In the vibrator here 
shown, the two contacts are normally apart so that the vi- 
brator cannot operate. But by pressing button H in against 
a stop, its contact can be brought up against the contact 
on the vibrator blade G, and as this closes the primary circuit 
the vibrator begins to operate and causes a shower of sparks 
in the engine cylinder. Of course, the button is effective only 
when the switch is in either the "Battery" or "Magneto and 
Battery" position, that is, when the battery is connected to the 
coil. The vibrator is connected in parallel with the mechanical 
interrupter and therefore operates only when the circut is 
open at the latter, for when the circuit is closed in the inter- 
rupter the magnetic vibrator is short circuited. When the 
pistons are at midstroke (the usual stopping position) the 
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circuit through the ioterrupter !b always broken. The starter 
button may be fixed in the workingr position by pressing down 
and rotating it slightly, so that even if the motor will not start 
on the spark the advantage of a series of sparks may be ob- 
tained for cranking the motor. 
Switch Connections— Referring to Fig. 141. it will be 
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Fio- 141 — WnuNG DiAGSAU OP Two Independent Syoteus. 



noticed that there are one central and four radial terminals 
on the back of the switch, the central one being the ground 
terminal. When the switch ia in the "Off" position the battery 
circuit is broken and the magneto is grounded (switch con- 
tacts 6 and 2 connected), hence no sparks can be produced if 
the motor is turned over. If the switch is turned to the next 
or "Battery" position, the magneto remains grounded but 
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the battery circuit is now completed (switch cootacts 5 and 1 
connected), consequently sparks may be produced in the cyl- 
inder by pressing the starting button or by turning over the 
engine so as to operate the mechanical interrupter. If the 
switch is turned to the "Magneto and Battery" position, the 
only change made in the connections is that the ground of 
the magneto is now broken, and the magneto, too, produces 
sparks. Turning the switch to the final or "Magneto" position 
opens the battery circuit and results in ignition being fur- 
nished by the magneto alone. 

Dual System — The Dual system differs from the "Two 
Independent" system in that only one set of spark plugs and 
only the magneto distributer is used, and the interrupter for 



Fig. 142 — Double Interrupter foe Dual System. 



the battery current is combined with the interrupter for the 
magneto current. This double interrupter is shown in Fig. 
142. The central portion of the magneto interrupter is ex- 
actly the same as on an ordinary magneto as illustrated in 
Fig. 115. In this case, however, the interrupter base (Y in 
Fig. 113) is provided with two cam lobes AA on its circum- 
ference which actuate the breaker arm B pivotally supported 
on the interrupter shell C. Arm B carries a contact point 
adapted to make contact with the stationary contact screw 
D which is supported in the housing but insulated therefrom. 
The two contacts are held together by the spring E, except 
when the fibre shoe of arm B rides on cam lobes AA. Since 
arm B la grounded when the contact points are together the 
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battery current coming in at tenninal D flows through the 
contacts into ground. 

Dual System Connections — A wiring diagram of the dual 
system is shown in Fig. 143. Coil and starting vibrator are 
exactly the same as in the case of the two independent sys- 
tems, but the switch is arranged somewhat differently. It 
has only three positions — viz., "Magneto," "Battery" and "Off." 
As in this case the battery spark is also distributed by the 




Pig. 143 — Connections op Dual System. 



magneto distributer, it is necessar? to run two high-tension 
leads from the magneto to the switch, as against one in the 
previously described system. One of these, connecting to the 
collector brush at the driving end of the magneto, carries the 
magneto high-tension current to the switch, and the other 
connecting to the central terminal of the distributer, carries 
either the magneto or the coil high-tension current to the 
distributer, according to the way the switch is set. In the 
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"Off" and "Battery" positions the magneto armature primary 
winding is short circuited by the switch; in the "Magneto" 
position it is not. In the "Off" and "Magneto" positions the 
battery circuit is opened by the switch; in the "Battery" 
position it is closed. Besides, the switch connects the arma- 
ture secondary to the distributer in the "Magneto" position and 
the coil secondary to the distributer in the "Battery" posi- 
tion. Considerable importance is attached to the fact that in 
this system the main wearing part of any ignition system — 
the interrupter — is duplicated, so that if either of the two 
interrupters fails to work that will not incapacitate the engine. 

Duplex System — The Bosch duplex system differs from the 
dual system in that only the source of current is duplicated, 
and all other parts serve both for magneto and for battery 
ignition. This system evidently is simpler and less expensive 
than either of the two already described. No separate "step 
up" coil is used, the battery current being transformed or 
"stepped up" in the magneto armature. 

There are three conditions of operation with this system, 
as follows: (1) The engine may be started on the spark by 
means of a "press button"; (2) the engine may be started 
or normally operated with the switch in the "Battery" posi- 
tion; (3) the engine may be run with the switch in the 
"Magneto" position. 

One difficulty that is encountered when it is attempted to 
use the magneto armature for transforming the battery cur- 
rent is that as soon as the engine begins to turn, while the 
battery current is still flowing through the armature wind- 
ing, an induced current also appears in this winding. The 
latter is an alternating current, and since the battery current 
is continuous, every other impulse of induced current is op- 
posed in direction to the battery current and tends to neutral- 
ize it. This obviously would not do, and, therefore, the bat- 
tery current, before it flows into the armature, is "commutated" 
into an alternating current. As shown in Fig. 144, on the in- 
side of the interrupter cover plate there are two nearly semi- 
circular segments AA, which connect with binding posts on the 
outside of the cover. Against these segments bear two brushes 
B, C, carried on the interrupter base Y, of which one, B, is 
grounded and the other, C, connected to the insulated terminal 
I of the armature primary winding. Since the battery current 
comes in at one binding post and leaves at the other it will 
readily be seen that its direction of flow through the armature 
primary winding is reversed every half revolution. 

The battery is connected in circuit with the switch and 
a small choke coil combined therewith. The reason for the 
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use of the latter is as follows: When the armature is sta- 
tionary and no current is induced in its winding by motion 
relative to the field frame, the volume of the spark which 
can be produced by sending a battery current through its 
primary winding and then interrupting the circuit, is limited 
by the magnetic flux through the armature set up by this 
current. In the regular operation of the magneto the spark 
is not thus limited. Therefore, if it is desired to produce as 
powerful a spark for starting as is produced in regular opera- 
tion (and this is essential), it is necessary to increase the 
store of magnetic energy set up by the primary current. This 
could be effected in one way by sending a greater current 
through the armature primary winding by using a higher 




Fig. 144 — Commutator for Duplex Systbh. 



battery voltage, but inasmuch as the armature core is already 
nearly saturated it can be done more effectively by adding an 
extra core with a magnetizing coil somewhere in the circuit 
A sectional view of the switch, choke coil and starter mechaD- 
ism and a plan view of the latter are shown in Fig. 145. 

A starting button is also used with this system, which 
in this case operates a mechanical vibrator instead of a 
magnetic one. Referring to Fig. 145, when the spring pressed 
plunger A is pressed in, its point moves the lever B, whose 
rounded end passes over the ridged fibre block C, secured to 
the contact spring D. Lever B is returned b^ coiled spring 
E when the plunger is released by the hand, and passes 
again over the ridged fibre block. It will readily be seen 
that when the plunger is fully pushed in there will be two 
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"makes and breaks" of the circuit during the instroke and 
two during the oatstroke; in other words, four aparks are 
produced for every depression of the starting button. This 
vibrator, too, is connected in parallel with the magneto in- 
terrupter and operates only when the interrupter contacts 
are apart. 

One respect in which the interrupter of Bosch magnetos 
for duplex ignition differs from those on independent mag- 
netos is that the interrupter cams are longer, so that the 
interrupter is open a^rreater part of the time. Fig. 146 shows 
the interrupter open and the battery current now flows through 
the switch, choke coil, commutator, armature primary wind- 



ing, through ground to the interrupter lever, through the 
commutator and the hand vibrator back to the battery. When 
the current is interrupted by the hand vibrator the inductive 
effect on the secondary winding of the armature produces the 
sparks. When the magneto interrupter points close, the arma- 
ture winding is short circuited, and the battery current then 
has two paths, through the armature primary winding and 
through the interrupter contact points. It will, of course, 
take the shortest path — viz., through the interrupter. As 
soon as the engine has picked up its cycle the switch is 
turned to the magneto position to save current. 
Magneto Starting Helps — ^While they do not come strictly 



COMBINED MAGNETO AND BATTERY SYSTEMS 187 

under the headinjr of this chapter, we may here describe 
a couple of methods used to permit starting the engine on 
magneto sparks without "spinning" it. One system (Fig. 147) 
was patented by Robert Bosch and has been used in Europe 
for automobile and airplane work. It involves a separate 
magneto which in the case of an automobile is mounted on 
the dashboard convenient to the driver's seat A crank handle  
connects through a set of speed multiplying gears to the arma- 
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ture. The magneto is a complete high tension machine ex- 
cept that it has no distributer. 

Combined with the hand magneto is an automatic switch 
which has two positions, viz., starting and normal running. 
In the starting position this switch connects the secondary 
winding of the hand magneto armature with the cable leading 
to the distributer on the regular magneto, whereas in the nor- 
mal running position the switch connects the high tension 
cable coming from the regular magneto collector ring brush 
to the cable leading io the distributer of the regular magneto. 
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While in the startinfr position this switch also grounds the 
cable coming from the collector ring brush of the regular 
magneto, so that as long as the hand magneto furnishes the 
spark the armature secondary winding of the magneto is short 
circuited. By turning the crank of the starting magneto, a 
powerful spark can be produced in the cylinder, and if there 
ia a combustible charge in it this charge will be exploded and 




Fig. 147 — BoscH Hand Magneto for Stabtikg on the Spabk. 



the engine will start. This system, therefore, permits of 
starting on the spark without the use of a battery. 

Impulee Starters — The other starting facilitating device 
was originated by Unterberg & Helrale and fitted to their U. 
& H. magneto. Two views of this device are shown in Fig. 
148. A is the shaft to which the driving gear is keyed. 
Formed integral with this shaft is the steel disc B, which 
at one point of its circumference carries a pin C, over which 
passes the loop c of the coiled spring E. This is a spring 
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with large diameter spires of heavy wire. It wiU be under- 
stood that if the shaft A is turned in a right-handed direction, 
this spring E will be wound up. The other end of the spring 
is secured by' a pin d to a brass disc F, which is fast to 
the armature. Disc F is of rather irregular shape, and is 
provided with a radial slot in which is located a steel ball 
G. When disc F moves in a j-ight-handed direction the steel 
ball G abuts against a projection H of the stationary armature 
housing, and thereby prevents disc F and the armature from 
rotating. The result of this is that when shaft A is rotated 
the spring E is wound up; this continues until a conical de- 




FlQ. 148 — U. & H, Automatic Impulse Starter. 



pression I in disc B comes opposite steel ball G. Then, the 
ball dropping into this depression, the armature is suddenly 
released, the spring distends and gives the armature a con- 
siderable speed of rotation, whereby a hot spark is produced. 
The projection or cam H is, of course, so arranged on the cir- 
cumference of the field pole circle that the unwinding of the 
spring begins when the armature cornea into the, zone of great- 
eat inductive activity. When the engine has run up to speed 
the steel ball is carried to the outer limit of the slot in disc 
F by centrifugal force and does not strike the projection H 
in its rotation. 
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Semi-Antomatic Impnlse Starters — A somewhat different 
type of impulse starter has come into wide use in this coun- 
try on magnetos for farm tractor engines. These engines are 
often quite large and hard to crank and the operators in many 
cases are persons of limited physical strength. The prototype 
of this form of impulse starter, which must be set for starting 
and is therefore only semi-automatic, was the K-W illustrated 
in Fig. 149. Combined with the clutch member A is a spring 
case B in which there is a spiral spring C whose ends are 
anchored to the spring case and to the ratchet disk D re- 
spectively. The latter is fast upon the armature shaft to 
which it is pinned. A pawl E pivoted on the magneto frame 



Fic. 149 — K-W Semi- Automatic Impulse Starter. 



is adapted to engage into the notches on the ratchet disk D. 
In the circumference of spring case B there are two knock- 
off cams H which, when the spring case is turned while the 
ratchet disk is being held stationary will force the pawl out 
of the notch on the ratchet disk and release the latter. When 
once released the pawl is held out of contact with the ratchet 
disk by lock F. As soon as the ratchet disk is released, it and 
the armature are spun rapidly by the spiral spring. Ratchet 
disk D jumps ahead of case B, with the result that the knock- 
off cam abutts against a plunger G mounted on a cushion 
spring S on the ratchet disk. This same spring S serves to 
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press the dog I into a notch in the outer surface of spring 
case B. Before starting an engine fitted with this impulse 
starter, lock F must be pressed down so as to release pawl 
E. In the drawing pawl E is shown provided with hooks on 
opposite sides and spring case B with two knock-off cams H, 
the object being to permit of the use of the same impulse 
starter for magnetos turning either right-handedly or left- 
handedly. The ratchet holds the armature back for an arma 
ture motion of about 80 degrees. 



CHAPTER XVIII 



Two-Point Ignition 

Reference has repeatedly been made to the fact that in- 
flammation of the combustible charge is not instantaneous. 
The flame starts at the point where the spark takes place 
and is thence propagated throughout the mass of the charge. 
In consequence, the gaseous charge does not reach its maxi- 
mum pressure instantly, as shown by the sloping explosion 
line of manograph diagrams taken at high speeds. Of course, 
the speed of flame propagation depends largely upon the com- 
position of the combustible mixture. The greatest power 
would be obtained if the whole charge could be ignited in- 
stantly while the crank is in the dead center position. This 
is an ideal which is unattainable, but the nearer we can come 
to it the greater will be the power of the engine and the higher 
its fuel economy. Combustion lag becomes a rather important 
factor at very high engine speeds, and in a motor of the 
T-head type, in which, if the spark plug is screwed into one 
of the valve plugs, the distance from the spark terminals to 
the farthest part of the combustion chamber is unusually 
long. T-head motors were formerly largely used for racing, 
and in the endeavors to accelerate combustion in them the 
idea occurred that if two sparks were produced simultaneously 
in the combustion chamber at substantially opposite points, 
the power of the motor might thereby be increased. It seems 
that the plan was first applied in England in 1908. Dr. W. 
Watson in a paper read before the Institution of Automobile 
Engineers in 1910 mentioned that a certain four-cylinder 





Fig. 150 — Manograph Diagrams of Engine with Single and 

Double Spark Ignition. 
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Fig. 151 — Spark 
Plug with Both 
Terminals Insu- 
lated. 



T-head motor of 8.4 inch bore and 4.8 
inch stroke, with spark plugs over the 
valves, gave 18.4 i.h.p. on single spark 
and 20.8 i.h.p. on double spark at 1,100 
r.p.m.; 26 i.h.p. on single spark and 29.2 
i.h.p. on double spark at 1600 r.p.m. 
Fig. 150 shows three manograph dia- 
grams taken from this engine by Dr. 
Watson, which clearly bring out the ef- 
fect of two-point ignition All three 
were taken with the engine running at 
a speed of 1,600 r.p.m. In diagram A 
ignition was effected by means of a 
single spark in the inlet valve cham- 
ber; in diagram B by a single spark 
in the exhaust valve chamber and in 
diagram C by two sparks, one in each 
valve chamber. 

Two-Pole Spark Plugs — In order to be effective the two 
sparks must occur absolutely simultaneously, and this can be 
insured only by connecting the two spark plugs in series, so 
that the same spark passes the gaps of both. The easiest 
way to accomplish this with an ordinary ignition system is 
to use one ordinary spark plug and one plug in which both 
spaA terminals are insulated. One such plug with both 
terminals insulated, the "Su-Big," is illustrated in Fig. 151. 
It has two binding posts at the top and the spark plays be- 
tween the ends of the two wires at the bottom, which are 
both insulated from the shell of the plug. The location of 
the two plugs in the cylinder and their connection to the coil 
is illustrated in Fig. 152. Coming from the coil, the spark 
first jumps the gap of the double pole spark plug, whence it 
flows to the other plug, jumps its gap and passes into the 
frame of the engine. * Such plugs may be supplied with cur- 
rent from either a battery or a magneto. 

Magnetos for Two-Point Ignition. — ^However, magneto 
manufacturers have developed a special type of magneto for 
two-point ignition which obviates the need for two different 
kinds of spark plugs. In this magneto, instead of one end 
of the armature secondary winding being grounded, both ends 
are insulated, and each is connected through a collector ring 
and brush to a high tension distributer, the magneto having 
two collector rings located side by side at the driving end 
and two high tension distributers arranged coaxially at the 
opposite end. Corresponding sectors of the two distributers 
are connected to the two spark plugs of one cylinder, the 
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plugs being of the ordinary single pole type. Fig. 152 is a 
diagram of the secondary circuit of such a system. It will 
be seen that the spark passes through ground from one plug 
to the other and jumps from the insulated terminal to the 
shell in the first plug and the reverse way in the second one. 
In addition to accelerating combustion of the charge such an 
arrangement of the plugs evidently offers some insurance 
against misfiring due to sooting of the plugs, for should one 
plug be sooted and the other clean, the latter would act as an 
auxiliary spark gap. 

It is obvious that for best results the spark plugs must be 
placed a considerable distance apart in the cylinder. The 




Fig. 152— Abrangement of Plugs and Their Connections fob 

Two-Point iGNrriON. 



best position evidently would be such as would result in the 
least maximum distance from any point of the combustion 
chamber to either of the plugs. In practice, this ideal cannot 
be readily attained, but in a T-head motor placing the spark 
plugs in the plugs over the inlet and exhaust valves, respec- 
tively, comes very near it in effectiveness. T-head motors, 
moreover, are benefited most by two-point ignition, though 
the system is used also in valve in the head motors on racing 
cars. 

It will be obvious from Fig. 152 that with two-point ignition 
the flame has to travel less than half as far as with single 
point ignition from one of the spark plugs in the figure. Coil- 
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sequently, combustion should be completed in much leaa time. 
This results in a higher explosion pressure, for the piston is 
still nearer the end of the stroke, and the combustion cham- 
ber, therefore, smaller, when the combustion is completed. 
The ultimate result of this is greater power and fuel economy. 
LookinfT at the matter from another standpoint, we may say 
that two-point ignition reduces the spark advance required. 






Fig. 153 — DiACBAH OF Two-Point Magneto Ignition System. 

The spark advance, aa has been explained, is made necessary 
by the combustion lag, and it is obvious that if the time re- 
quired to complete the combustion is reduced the advance 
which must be given the spark is also lessened. 

Experimental Results from Two-Point Ignition — A practi- 
cal demonstration of the effect of two-point ignition on power 
and spark lead required was made in January, 1911, before 
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the Society of Automotive Engineers by Otto Heins, president 
of the Bosch Magneto Co. The tests were made on a four- 
cylinder T-head motor of 8 9/16 inch bore and 4% inch 
stroke. A switch was used by means of which it was possible 
to fire the engine by either set of plugs (which were screwed 
into the valve plugs) or by both at the same time. 

The greatest power output with single-point ignition with 
an advance of 45 degrees was 24-horsepowery and the same 
output was attained with two-point ignition vdth an advance 
of only 19 degrees. With two-point ignition the extreme 
power output with an advance of 32 degrees was 28-horse- 
power. This is an increase of 4-horsepower or 16.6 per cent 
over the best results with single-point ignition. Fig. 154 
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Fig. 154 — Increase in Maximum Engine Power with Spark Lead. 



shows the increase in the maximum output of the motor with 
an increase fin lead, for one-point and two-point ignition re- 
spectively, and Fig. 155 shows the horsepower-speed curves 
of the motor for one-point and two-point ignition respectively. 

Practical Application of System — Two-point ignition, since 
it greatly reduces the advance required for maximum power, 
greatly lessens the objections to fixed ignition. For instance, 
it is quite possible to set the fixed spark for such an advance 
that the engine will give as much power as with a single 
spark with the most advantageous lead. Further, by using 
a switch permitting of using one or two-point ignition at will, 
the effect of a one-step spark advance can be obtained with- 
out the complication of the mechanism usually employed for 
obtaining the advance. 
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Distributerless' Two and Four-Cylinder Magnetos — There 
is another system of magneto ignition in which two sparks are 
produced every time an explosion occurs, but they are not 
produced in the same cylinder. In fact, in this case the 
second spark serves no purpose whatever and is merely in- 
cidental. This form of ignition is used in two-cylinder engines 
in which both pistons start on the inward stroke together, 
and also in four-cylinder engines of standard construction. 
Four-cylinder engines are much more extensively used than 
two-cylinder, and the four-cylinder is therefore the more in- 
teresting case. In a four-cylinder engine of conventional 
design the two outer pistons move up and down together 
and the two inner pistons the same. Suppose one of the outer 
pistons to be at the end of its compression stroke, where the 
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Fig. 155 — Power Curves for One-Point and Two-Point Ignition. 

charge is normally ignited. Then the other outer piston is 
at the end of its exhaust stroke, so that there is only dead gas 
in its combustion chamber. Therefore, if we connected the 
spark plugs in the two outer cylinders in series, so that a 
spark occurred at both of them at the same time, the one in 
the cylinder whose piston was at the end of its compression 
stroke would fire the charge in that cylinder, while the spark 
in the cylinder whose piston was at the end of its exhaust 
stroke would have no effect. Moreover, since the pressure 
in the latter cylinder is substantially atmospheric, the fact 
that the spark has to jump the gap at the plug in this cylinder 
does not add materially to the resistance encountered by it. 

The object in view in thus connecting spark plugs in two 
cylinders in series is to obviate the need for a high tension 
distributer on the magneto. Fig. 156 is a diagram of a high 
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tension magneto ignition system for four-cylinder engines la 
which the high tension distributer is dispensed with. It will 
be seen that the armature secondary winding is not grounded, 
but has its terminals connected to two contact segments, 
forming part of a current collecting device carried at the 
driving end of the armature. The two segments are slightly 
displaced in a lengthwise direction and on opposite sides of 
the armature shaft. They are embedded in Insulating ma- 
terial, and together with the latter form a pair of complete 
rings on each of which bear two oppositely arranged collector 
brushes. In the position shown, the high tension current 
evidently flows from one end of the armature secondary wind- 
ing through one of the collector segments and its brush to 
the spark plug on one of the inner cylinders, and after jumping 




Fig. 166 — Four Cylinder Magntto iGNmON System Wrrnour 



the gap of this plug it passes into the frame of the engine, 
then jumps the gap of the spark plug in the other inner cyl- 
inder, and returns through the second collector segment and 
its brush to the other end of the armature secondary winding. 
After the armature has made half a revolution, which corre- 
sponds to one piston stroke, its secondary winding is connected 
to the other pair of plugs, and sparks occur at these points. 

With a system as here described it is well to limit the 
timing range after dead center, for if the spark lever is set 
to give late ignition, then the idle spark occurs not at the end 
of the exhaust stroke, but during the first part of the inlet 
stroke, and if the inlet valve has already opened and the 
spark plug is located over this valve, where it is directly in 
the path of the incoming charge, it is apt to ignite th^t charge 



TWO-POINT IGNITION 199 

and cause a so-called "back fire" through the carbureter. How- 
ever, in most modern engines the inlet valve begins to open 
only about 15 degrees past dead center, and if the magneto 
is timed to give the proper maximum advance, with the timing 
range usually available it will not be possible to get a spark 
after the inlet valve has opened. At any rate, the system 
has been in use on two-cylinder motors for a considerable 
number of years, which shows that the feature mentioned 
is not a serious drawback in practical work. The object in 
view in the development of this magneto was to reduce the 
cost of construction, as compared with a magneto having a 
regular distributer. 



CHAPTER XIX 



Cables, Terminalsy Switches 
and Wiring Methods 

Ignition Cable — Special flexible cable is employed for wir-^ 
ing ignition systems. The cables consist of strands of tinned 
copper wire, the wires being arranged in concentric layers* 
of which successive ones are stranded in opposite directions. 
The total effective cross sectional area of the wires for both 
primary and secondary cable is usually equivalent to that of 
a single No. 14 B. & S. gauge wire. As the individual wires 
are of very small size the cable will stand a great deal of 
twisting and bending without danger of breaking. The dif- 
ference between primary and secondary cable lies mainly in 
the insulation, the secondary requiring much higher insulating 
properties than the primary. There are, generally speak- 
ing, two classes of ignition cable, viz., plain rubber insulated 
and braided cable. Rubber is a very good insulating material, 
but it is subject to attack by oil, and particularly by gaso- 
line, and as it is impossible to keep these off the ignition 
cables on a car, the plain rubber cable "rots" in time at points 
where oil or gasoline may collect on it. For this reason it has 
become the custom to provide the cables with cotton braiding 
over the rubber and to impregnate the braiding with an oil- 
resisting enamel. The braiding serves chiefly as a web to 
carry the enamel. However, some cables are made with a 
coating of flexible enamel applied directly to the rubber and 
others are provided with a braiding, but are not impregnated 
with enamel. The rubber insulation is compounded with a 
very considerable proportion of mineral matter and is vul- 
canized. Primary cable is usually from 3/16 to ^ inch in 
diameter and secondary from % to 1/2 inch. Primary cables 
are sometimes made in multiple form, two, four or six strands 
being combined in a single cable, which is especially adapted 
for connection from a multiple coil to the timer. 

Cable Terminals and Connectors — The reliability of mod- 
em ignition systems is du§ in a considerable degree to the 
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substantial and positive terminals and connectors used. In 
early ignition practice it was customary to merely bare the 
end of the cable of its insulation, twist it around its binding 
post and screw down the nut. Not only were such connections 
insecure and frequently came loose, but the constant twisting 
back and forth of the wires every time a connection was made 
or broken soon caused them to break off. Gables are now 
always provided with terminals which insure good electrical 
contact and obviate the necessity of bending the wires in mak- 
ing and unmaking the connections. One particular type is 
stamped from sheet copper and is of the form shown in Fig. 
157. The end of the cable is freed of its insulation and the 




I 





Figs. 157, 158 and 159 — Cable Terminals. 



stranded copper wire is passed through the small hole in the 
terminal, to hold the wires in place while they are being 
soldered on the inside, after which the portion extending 
through the hole may be clipped off. The terminal is pro- 
vided with two pairs of flaps of which the larger pair is 
closed to clasp the outside of the insulation and the smaller 
pair to clasp the wire strands. Terminals on low tension 
cables should always be soldered to insure good electrical con- 
tact. On high tension cables it is not necessary to use solder. 
The eye of the terminal is passed over the binding post and 
is secured in position by a nut which is preferably locked by 
a check nut. Where it seems undesirable to have a consider- 
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able lenirth of the conductor exposed, after the terminal is se- 
cured to the cable it may be wound with adhesive tape. 

Another form of terminal, the Herz, is illustrated in Fig, 
158, The cable is freed of insulation for about % inch, then 
the wires are bent back over the cable, as shown in the sketch, 
the copper shell is pushed over them and the brass screw in- 
serted through the hole in the top of the shell and screwed 
into the strands of wire. This inner shell can be pushed into 
an outer shell with an eye passing over the binding post, and 
the terminal is said to be detachable. 

A spring clip terminal which can be quickly put in place 
and removed is illustrated in Fig. 159. It is made with a cap 
to go over the insulation of the cable and the wire is passed 
through holes in the cap and the flat portion of the terminal 
and is secured either by twisting it around the terminal or 
soldering it to same. With the terminal comes a ferrule, as 



Fio. 160— Bosch Terminal Tool. 



shown, which is secured to the binding post. The terminal 
is slotted, as shown, the smallest width of the slot being slight- 
ly less than the diameter of the throat of the ferrule, so the 
terminal must be forced over the latter and is held in place 
thereon by spring pressure. It is simply pushed on and 
pulled off. Such clip connectors are well suited for spark 
plugs, timers, etc. 

Terminal Tool — The Bosch Co. has brought out a tool for 
forming a terminal on the cable (see Fig. 160). In the case 
of a cable with heavy insulation (high-tension cable), a 
straight brass tube or sleeve (1, Fig. 161) approximately 1% 
inches long, of the proper diameter to fit the wire snugly, and 
with one end beveled to a sharp edge, is forced over the 
stranded wire. First, however, the insulation is stripped from 
the cable for a distance of approximately % of an inch, after 
which the terminal tube is slipped over the conductor with 
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the beveled edge first, until the end of the conductor is flush 
with the outer end of the terminal tube (2, Fig. 161). By- 
means of the toot shown in Fig- 160 the whole is then bent 
into a loop, as shown at 4, Fig. 161. While in the process of 
bending the tube ia somewhat flattened and firmly grips the 
wire strands. Besides, since the tube is forced under the in- 
sulation for a distance of about y^ inch, the tendency of the 
wire to break where it leaves the insulation is eliminated. In 
the case of cable provided with comparatively thin insulation, 
it is impossible to force a tube under same, and in that case 
the tube is expanded at one end as shown at 5, Fig. 161, thus 
providing a ferrule which slips over the insulation. This 



Fic. 161 — Method op Forming Terminal with Tool. 

gives the required rigidity at the point where the wire leaves 
the insulation and at the same time prevents the braided cover 
of the cable from unraveling. 

Switches — Switches for ignition purposes are of two kinds, 
viz., hand switches and foot switches or kick switches. The 
latter, of which illustrations were given in Figs. 140 and 14S, 
are made with a very substantial "handle" of such shape that 
it can readily be operated with the toe of the shoe. This 
tjTie is especially convenient if the switch must be located 
at such a distance from the driver's seat that it cannot well 
be reached by the hand. Hand switches are again divided 
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into turnover switches and pull switches. The former com- 
prise a number of insulated contact points over which a 
switch lever or rotary disc is adapted to move. The contact 
points or buttons connect with binding posts on the back of 
the switch to which the cables are connected. Pull switches 
as a rule are used only for opening and closing a single cir- 
cuit, such as the primary circuit of a magneto. One design 
of push and pull switch is shown in section in Fig. 162. A 
plunger H of insulating material extends through a central 
hole in the metallic switch base and carries at its inner end 
a guide F as well as a split pin which enters a socket in an 



Fig. 162 — Push-and-Pull Switch. 



Insulated terminal C. When the plunger H is moved in or 
out the split pin slides in its socket, but it never completely 
leaves this. In the cut the switch is shown in the closed posi- 
tion, and the circuit is opened when the guide F leaves the 
guide surface of the switch base as the plunger is pushed in. 
With some systems a reversing switch is used so that every 
time the circuit is closed the current will flow through the 
interrupter in the direction opposite to that in which it flowed 
the last time. The principle of such a switch is illustrated in 
Fig. 163. On a circular base there are four equally spaced 
contact buttons. We will say the battery terminals are con- 
nected to two buttons located directly opposite each other 
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and the coil primary terminals to the other two buttons. The 
movable part of the switch has two contact sectors of such 
dimensions that each will span adjacent contact buttons. For 
the position of the switch represented in the drawing the 
current flows in the direction indicated by the arrows, and it 
can readily be seen that if the switch is turned a quarter 
revolution so the contact sectors occupy the positions indi- 
cated in dotted lines the current will flow through coil and 
interrupter in the opposite direction. Midway between these 
two positions the switch is open. 
Usually some form of safety device is incorporated in 
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Pig. 163 — Illustrating Prin- 
ciple OF Reversing Switch. 




Fig. 164 — Lever Switch with 
Removable Plug. 



switches, affording a means of insuring that the car cannot 
readily be tampered with in the absence of the operator. 
Modern "kick" switches often are provided with a key by 
means of which the switch can be locked in the ''off" position. 
A somewhat simpler plan is to use a metal plug which, when 
inserted into the switch, bridges a gap in the circuit. When he 
wants to leave his car the operator carries this plug along in 
his vest pocket and it is then impossible for any one not 
specially familiar with ignition circuits to close the circuit 
and start the motor. A switch with removable plug is illus- 
trated in Fig. 164. It will be understood that the fulcrum of 
the switch lever is insulated and that the plug puts this ful- 
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crum in metallic connection with the switch base, which is 
grounded. 

Wiring Methods — In wiring the ignition system efforts 
must be made to arrange the wires in a neat manner, to secure 
them firmly so that they are not likely to become broken as a 
result of continuous vibration, to protect them as much as 
possible against the likelihood of mechanical injury while work 
is being done around the engine, and — in the case of the sec- 



ondary cables — to prevent interference with the proper opera- 
tion of the system by electrostatic induction. 

Most importance, of course, attaches to the arrangement 
of the cables near the motor, as these are in plain view when 
the bonnet is lifted and are most likely to Interfere with 
access to important parts if injudiciously placed. In low- 
priced four-cylinder cars where the high tension distributer 
is placed at the side of the cylinder block about midway of 
its length, it is customary to run the high tension cables from 
the distributer to the spark plugs each in a more or less direct 
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line, supporting the cables only by a bracket or cleat at the 
top of the engine. If the plugs are located on the opposite 
side from the distributer the support is often made integral 
with the water return manifold. An arrangement employing 
cleat supports is shown in Fig. 165. 

In some of the battery systems the combined timer and 
distributer is carried on top of a vertical shaft at the height 
of the cylinder heads and midway between the front and 
rear of the engine, so the cables from it to the spark plugs, 
even in the case of a six-cylinder motor, do not need a special 
support. 

A neater effect is produce^, especially if the distributer is 
located at one end of the engine, by running the cables through 




Fig. 166 — Carrying High Tension Cables in a Metal or Fiber 

Tube. 



a tube running lengthwise of the engine above the cylinder 
heads (see Fig. 166). There are outlets in this tube either 
opposite each spark plug, as in the illustration, or between 
pairs of plugs, in which case two cables leave the tube together. 
The tube may be either of brass or fiber, but a brass tube 
seems to be used most extensively. 

Electrostatic Interference — It was pointed out above that 
the high tension cables must be so arranged as to obviate 
interference due to electrostatic induction between adjacent 
ones. In order to explain the latter phenomenon it will be 
necessary to state some of the principles governing static 
electricity. 

Every conductor has a certain capacity for absorbing an 
electric charge. If the conductor stands alone at a consider- 
able distance from any other conductor its capacity depends 
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merely upon its dimensions and form. But if we brinjr anotb v. 
conductor near it, its capacity increases. The capacity in 
the case of such opposing conductors (condenser) also de- 
pends upon the specific inductive capacity of the intervening 
medium, which, in the case of a cable, would be made up 
partly of its insulating material and partly of air. 

Every electric conductor in the neutral state contains equal 
charges of positive and negative electricity. In all discussions 
of electrostatic phenomena, the earth is supposed to be neutral 
or of zero potential. Positive electricity is that kind which 
is generated on a glass rod when it is rubbed with a woolen 
cloth, and negative electricity that kind generated on a piece 
of resin if similarly rubbed. Th6 glass rod, then, has a higher 
potential than the earth and the resin a lower potential. Elec- 
tric charges of the same sign repel each other and charges 
of opposite sign attract each other. 




1 



Now let us assume two high tension cables lying parallel 
to each other and close together. One of these is connected 
through the high tension distributer to the source of the 
high tension current, the secondary winding of the coil or 
armature, and both, of course, are connected to spark plugs. 
One end of the secondary winding in which the high tension 
impulse is induced is connected to ground. As the electro- 
motive force in the secondary winding of the coil or arma- 
ture rises, a charge will flow into the cable to which the wind- 
ing is connected. This charged conductor then acts by electro- 
static Induction on all other conductors near it, such as the 
secondary cable above referred to. If the core of the latter 
cable were connected to ground, a charge of the same sign 
as that on the live cable would flow from it into ground. 
Since the cable is insulated, no charge can leave it, but it is 
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obvious that the electrostatic induction takes place just the 
same and that there is a tendency for a charge to pass from 
the insulated cable to ground. This tendency may under cer- 
tain conditions become so strong that the resistance of the air 
gap of the spark plug to which this cable is connected (and 
which gap forms the shortest path to ground) is broken down 
and a spark occurs at this plug, which is out of all metallic 
connection with the source of secondary current. This effect 
is known as electrostatic interference. 




Fig. 168 — On the Grant Six-Cylinder Engine the High Tension 
Cables Are Carried Through a Channel in the Cylinder Block. 



As pointed out, the particular cable which carries the cur- 
rent at any moment, together with the other cables of the 
high tension system and any other nearby metal parts, forms 
a condenser. This is subject to the law of the condenser, viz., 



Electromotive force = 



Quantity of charge 
Capacity 



Now we have seen that the quantity of electricity which a coil 
system will throw into the circuit on the interrupter being 
opened is limited to the equivalent of the magnetic energy 



stored up in the coil 



^ore. 



Therefore, if the capacity of the 
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cable is high, the electromotive force active in it may never 
attain the value necessary to produce a s^ark. 

To avoid misunderstanding, it should oe pointed out that 
both of these phenomena, viz., a spark at the plug not in- 
cluded in the high tension circuit at the moment, due to 
electrostatic induction between adjacent cables, and failure to 
produce a spark because of excessive capacity of the spark 
plug cable, are rather remote possibilities. They are known, 
however, to have occurred in cases where the high tension 
cables were exceedingly long and run very close together. 
Where the cables of necessity must be long it is well to ob- 
serve certain precautions. If each cable were encased in a 
grounded metal tube or sheath, there would be absolutely no 
electrostatic induction between cables. This, however, is not 
very practical as such a metal casing would greatly incrc^ase 
the capacity of the cables. One method suggested is to sup- 
port the cables by grounded metal clips short distances apart. 
This keeps them apart and also reduces the electrostatic induc- 
tion in another way, as the clips, applied in the way shown, 
form a sort of screen between adjacent cables, their screening 
effect being probably increased by a slightly conducting film 
of dirt or moisture which will collect on the outside of the 
cable insulation. This method of arranging the cables is not 
always applicable, because it requires considerable space. 

Another method recommended is that illustrated in Fig. 
168, where the cables pass through circular blocks of insulat- 
ing material carried in metal fittings screwed into the cylinder 
heads. This is a symmetrical arrangement and keeps the 
individual cables the requisite distance apart to prevent elec- 
trostatic interference. A very neat arrangement of the cables 
is found on the Locomobile six-cylinder motors. They are 
carried in a wooden container running along the top of the 
cylinders, each cable lying in a separate groove. The con- 
tainer is not far from the spark plugs and the lengths of cable 
from the container to the plugs are very short. 



CHAPTER XX 



Storage Battery Charging — Magnet Recharging 

Where storage batteries are used for ignition on a car not 
equipped with an electric generator, they must be recharged 
periodically. The current required for this purpose may be 
obtained either from electric service mains or from an elec- 
tic generator specially installed for the purpose. In the 
great majority of cases the current is taken from service 
mains. These carry either direct or alternating current, 
generally the latter. Only direct current can be used for 
charging, and where the service is alternating the current 
must be rectified before it can be used. Aside from the fact 
that the current must be direct or continuous, it must also 
be of the proper voltage. A voltage of 110-115 has become 
practically standard in electric lighting practice, and with 
this voltage batteries of 42-44 lead cells in series can be 
charged to the best advantage. For each cell in series, there- 
fore, there is required a charging voltage of at least 2.65 volts. 

Charging from Direct Current Mains — The simplest method 
of charging an ignition battery from direct current lighting 
mains is by means of a so-called current tap or charging 
plug which screws into an ordinary lamp socket (Fig. 169). 
The tap is provided with, say, three sockets into which lamps 
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Fig. 169 — Charging by Means of a Current Taf. 

211 



212 STORAGE BATTERY CHARGING 

may be screwed, and with a charging cable which connects 
to the battery to be charged. The three lamps are connected 
in parallel and the battery is in series with all of them, so 
that it receives as much current as the three lamps together. 
As a rule such current taps do not take more than three lamps, 
and the charging rate is limited by this. 

A more substantial installation for charging a battery from 
direct current mains is shown in Fig. 170. From the two 
mains, wires of the grade usually employed for house wir- 
ing are run to a small switchboard. There a 10-ampere fuse 
is inserted in each line and below the fuses is placed a single 
throw double pole switch to which the wires are connected. 
To one of the lower terminals of the switch are connected six 
or seven 100-watt lamps, 
as shown, and be- 
tween the other lower 
switch terminal and the 
lamps is connected the 
battery. 

Detemiining Polarltjr 
of " Mains — In making 
the connections, care 
must be taken that the 
positive terminal of the 
battery connects with 
the positive main, as 
otherwise the battery 
would become dis- 
charged and reversed. 
A wrong connection 
will be shown instantly when the switch is closed, by 
the lamps lighting up more brightly than normally, while 
they will burn more dimly than normally if the connections 
are correctly made. It is, however, preferable to determine 
the polarity of the charging mains in advance. This can be 
done by inaerting the two wires to be connected to the bat- 
tery into a glass of slightly aciduated water and turning on 
the current. Gas bubbles will then be observed forming at 
both electrodes and rising to the surface. The rate of gaa 
development is far greater at the negative than at the positive 
terminal, which can thus be identiiied. Another method of 
determining the polarity of charging mains consists in moist- 
ening a strip of red litmus paper, placing the ends of the two 
wires upon this paper a short distance apart and then turning 
on the current. A blue spot will be formed under one of 
the two wires — the negative one. 
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Economics of Battery. Charging — As regards the lamps, 
it is most economical to use carbon filament 32 candlepower 
lamps which consume about 100 watts each. Twice as many 
16-candlepower carbon filament lamps would be needed for 
the same charging rate, and tungsten lamps cost more and 
have a shorter life than carbon lamps. Since the battery 
requires about 8 volts to force a current through it, in the 
case of a 110-volt circuit there remains only 102 volts for the 
lamps and these will burn dimly. A 100-watt lamp on 110 
volts consumes 10/11 ampere, but on 102 volts the current 
consumption is less, something like 6/7 ampere, so that the 
seven lamps in parallel will allow about 6 amperes to pass. 
It will be understood that in this case only about 8 volts are 
utilized for charging and 102 volts are wasted in the lamps, 
so that the method is really very inefficient. If 100 ampere- 
hours had to be put into the battery the total energy con- 
sumption would be 

100 X 110 = 11000 watt-hours or 11 kilowatt-hours, 
and at 10 cents per kilowatt-hour the cost for current figures 
out to $1.10, while the cost of that portion of the electric 
energy actually absorbed by the battery is only 8 cents. If 
two or three 6-volt batteries can be charged at the same time 
they may be connected in series. This will slightly reduce the 
rate of charge, but the cost of current for charging the two 
or three will be no greater than that for charging a single 
battery. 

Commercial Installations — ^While charging from service 
mains through lamp resistances is expensive as regards the 
cost of electric energy consumed, it is very convenient, as 
the current is self-regulating and practically no attention 
need be paid to the batteries while on charge. Therefore, 
in small garages where a moderate amount of charging busi- 
ness is done, a system similar to that described can be used 
to advantage. From three to five batteries should be con- 
nected in series so that at least one-quarter of the energy 
consumed will be stored in the batteries. The lamps may be 
arranged in the form of a rack high up on the wall, say 
above the switchboard, and the batteries may be placed on 
shelves on the wall directly above which are binding posts 
to which the battery terminals are connected. 

Whenever batteries are recharged their electrolyte should 
be replenished, and to make this more convenient it is well 
to place on an upper shelf bottles of distilled water, acid 
and electrolyte. These three bottles should be provided with 
glass tubes passing through their stoppers to near the bottom, 
rubber tubes being slipped over the outer ends of the glass 
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tubes, of such a length that they will reach to the most 
distant battery. By means of these tubes either acid, acid 
solution or distilled water — according to the requirements as 
shown by hydrometer test— <ran be siphoned into any cell, the 
siphonic action being controlled by pinch cocks on the tubes. 

Storage battery electrolyte is very corrosive and the fumes 
rising from the battery when the latter is gassing toward 
the end of a charge tend to attack exposed copper terminals. 
All battery connections are generally made of lead and are 
protected by a coating of insulating paint. Any bright metal 
parts near the battery may be protected from the corrosive 
action of the electrolyte by giving them a coating of vaseline. 

When more than four or five batteries have to be charged 
at a time the lamp racks and battery shelves may be dupli- 
cated. But in the case of a very large installation it would 
be more economical to transform the current from 110 volts 
to a lower voltage and use some form of low resistance rheo- 
stat in place of the lamps, so as to cut down the waste in the 
regulating resistance. For transforming the current, use is 
made of a rotary converter which consists of a dynamo with 
two armature windings and two commutators. Current from 
the mains is sent through one winding and charging current 
is collected from the other, the current being multiplied and 
the voltage reduced in substantially the ratio of motor to 
generator armature turns. When charging through lamps 
the charging current can be calculated from the number and 
size of lamps in circuit; in all other cases it is advisable to 
include an ammeter in the circuit by which the charging 
current may be regulated. 

Charging from Alternating Current Circuits — If only al- 
ternating current is available the first thing required is a 
rectifier by means of which the current can be changed to 
a direct current. There are five different types of recti- 
fiers, viz.: 

The electroljrtic rectifier. 

The vibrator type rectifier. 

The mercury arc rectifier, 

The Tungar rectifier, and 

The motor generator. 
As in the case of charging from direct current circuits, 
the voltage also must be reduced to suit the requirements 
of the battery, and in the case of an alternating current this 
can readily be accomplished by means of a transformer, as 
illustrated in Fig. 46, which contains no moving parts and 
therefore requires no attention. 

Electrolytic Rectifier — The electroljrtic type of rectifier is 
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based upon the principle that an electrolytic cell containing 
one aluminum and one other electrode will allow a current 
to pass only in one direction. In practice one of the elec- 
trodes is made either of aluminum or of an aluminum-zinc 
alloy, and the other electrode of iron. The cell is filled with 
saturated solution of ammonium phosphate. Suppose such a 
cell to be connected to alternating current mains. When the 
current passes in the direction from the aluminum to the 
iron electrode, a thin layer of oxides and phosphates of alumi- 
num is almost instantly formed on the aluminum electrode, 
and this layer offers such a high electrical resistance that it 
practically cuts off the current until the direction of the latter 
is reversed. The reverse current instantly reduces the high 
resistance compounds forming the layer and then flows freely 
through the cell. 

With a single cell only one wave of the current can be 
used, the other wave being stopped, but by using four cells 
connected as shown in Fig. 171, both waves of the alter- 
nating current can be used for charging. It will be seen 
from the illustration that the four cells are connected in 
two series, and the two cells in each series are connected 
in opposition, so that no current can flow through either series 
in either direction. The battery to be charged is connected 
between the two cells of either series, and this gives a free 
passage across the line for both impulses of a period. The 
positive impulse will flow, say, through the upper right-hand 
cell, the battery and the lower left-hand cell, while the nega- 
tive impulse will flow through the lower right-hand cell, the 
battery and the upper left-hand cell. 

The efficiency of the electrolytic rectifier is only about 
70-75 per cent, and the cell heats up rather quickly. For this 
reason some electrolytic rectifiers are provided with radiators. 
Fig. 172 shows a charging stand comprising an electrols^tic 
rectifier for charging ignition and similar batteries. All of 
the apparatus is mounted on an angle iron frame. On top 
there is a switchboard containing an ammeter, a main line 
switch, a charging circuit switch and a regulating switch. 
Below this switchboard is located the transformer for reducing 
the voltage. One winding of this transformer is wound in 
sections and leads are brought out to the regulating switch 
so that the number of effective turns in this winding can be 
varied. At the bottom is seen the rectifier with radiator. 
Such a rectifier gives a pulsating current, but this is just as 
good for battery charging as a continuous current. 

Vibrator Type of Rectifier— This type is based upon the 
action of a vibrator operating in synchronism with the alter- 
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Rating current. Fig. 173 is a diagram of a rectifier of this 
type made by the Westinghouse Co. Alternating current of, 
say, 110 volts enters at the terminals AA and passes through 
the double pole switch B to the primary coil C of the trans- 
former. The secondary or low voltage winding of this trans- 
former is divided into halves, each of which is connected 
through a regulating resistance E with the stationary contacts 
I and J of the vibrator. Opposite these contacts is located 
the vibrating magnet 0, which carries coils HH connected 
to the battery charging terminals LL. As long as the battery 
is in circuit, magnet is energized. Directly above magnet 
are located two stationary electromagnets F and G, whose 
windings are connected in series and supplied with current 
from one-half of the secondary 
winding of the transformer. These 
two stationary magnets are so con- 
nected up that their lower ends 
are always of like polarity. Mag- 
net is pivoted at its center, and 
is held by a couple of flat springs, 
not shown in the diagram, in a 
neutral position, when both con- 
tacts I and J are open. The polar- 
ity of magnets F and G, which 
are energized by an alternating 
current, changes at the same rate 
as the direction of the alternating 
current. 
As long as the battery is con- 
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Fig. 173 — Diagram op Vibrator Type Rectifier 

(Westinghouse). 



nected in circuit, magnet is energized and its polarity 
never changes. Assume that the current flows around it in 
such a direction as to give it the polarity indicated in the 
diagram. Also that at any particular instant the lower poles 
of magnets F and G are positive, then the negative pole of 
magnet will be attracted by magnet F and magnet will 
establish contact with stationary contact J. Current will 
then flow from the left-hand end of secondary winding 
D through the upper regulating resistance E, through 
contact J into magnet and but therefrom through 
the left-hand binding post L, through the battery and 
Ihence through the other binding post L back to the 
center point of secondary winding D. At the end of 
a half cycle the circuit is broken at J and magnet O returns 
to its normal position. Then the current through magnets 
F and G reverses and the lower poles become negative. Now 
the positive end of magnet O is attracted by magnet G and 
magnet O makes contact with stationary contact I. The 
current now flows in the opposite direction through the sec- 
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ondary winding S and it passes from the right-hand end 
thereof through the lower regulating coil E, through contact I, 
magnet 0, into the battery and through left-hand terminal L, 
in the same direction as previously. This keeps up as long as 
the battery is connected to the rectifier. Should the source 
of current fail for any reason, a pair of springs acting on 
magnet O will hold it in a neutral position in which both 
contacts remain open, so that the battery cannot discharge. 
A pair of condensers is shunted across the two vibrators 
respectively to prevent arcing. 

Mercury Arc Rectifier — This rectifier is in a way similar 
in principle to the electrolytic rectifier, in that it constitutes 
a sort of electrical check valve which permits current to 
flow through in one direction but not in the other. It con- 
sists essentially of a glass bulb from which the air has been 
exhausted, containing a pool of mercury in the bottom, with 
a negative terminal or cathode fused into the glass and ex- 
tending into the mercury. Two positive terminals or anodes 
pass through the upper portion of the wall of the bulb, and 
in addition there is an auxiliary anode used only for start- 
ing, which is located close to the surface of the mercury 
pool. Current will flow from an anode to the mercury, but 
will not flow from any point to an anode or positive terminal 
Operation does not begin, however, until an arc is formed at 
the surface of the mercury, with the mercury as the negative 
terminal. The mercury then begins to fill the globe with 
vapor which forms, in fact, an arc between the cathode and 
the two anodes in turn. Starting is effected by slightly tilting 
the bulb so that the starting electrode touches the mercury. 

The general arrangement of a mercury arc rectifier bat- 
tery charging installation is shown in Fig. 175. Alternating 
current from the mains is sent through a transformer to re- 
duce its voltage. The secondary or low tension winding is 
divided into halves. Its two outer ends are connected to the 
anodes of the rectifier, and its central terminal and the 
cathode of the rectifier are connected to the battery to be 
charged. Then the electromotive force induced in that half 
of the secondary winding which at the moment is the nega- 
tive end will send a current through the battery and the rec- 
tifier. No current will flow in the other end of the trans- 
former, owing to the check valve action of the rectifier. The 
next moment the electromotive force in the secondary winding 
reverses and the other half of this winding now sends a 
current through the battery and rectifier. The current given 
out by such a rectifier is a direct pulsating current which 
drops to zero between succeeding pulsations. By including 
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a choke coil in the charging circuit it is possible to pre- 
vent the current from ceasing entirely, as the choke coil 
absorbs energy during the increase in current and gives it 
out again during the decrease, thereby slightly extending the 
time of each pulsation, so that succeeding pulsations overlap. 
The efficiency of a mercury arc rectifier for charging low 
voltage batteries is limited by the fact that there is a constant 
voltage drop of about 14 volts in the rectifier. 

The Tungar Rectifier — A new form of rectifier has been de- 
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Fig. 174 — DiAcaEtAM of Mercury Arc Rectifier Charging Set. 



veloped by the Research Department of the General Electric 
Co. and marketed by the company as the Tungar. It is based 
on the principle that a vacuum bulb with one hot and one cold 
electrode acts as a rectifier. During that part of the cycle 
when the hot electrode is negative, electrons or small particles 
of negative electricity are projected from it toward the cold 
positive electrode, these electrons forming current carriers. 
There is no corresponding action during the other half of 
the cycle when the hot electrode is positive. The principle was 
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not directly adaptable to commercial rectifiers, as in vacuum 
tubes of this type, known as Kenotrons, there is a voltage 
drop of from 100 to 500 volts between anode and cathode 
when the tube is in operation. The bulbs are therefore filled 
at low pressure with argon, an inert gas found in the atmos- 
phere. When the heated electrode, which is in the form of a 
closely coiled .tungsten wire filament, is negative, it emits 
electrons which collide with the molecules of the argon and 
ionize them, i.e., render them conductive in the direction 
from the positive electrode or anode, which is in the form of 
a fairly large block of graphite, to the negative electrode or 
cathode, the filament. During the other half cycle, when the 
filament is positive, any electrons that may be emitted are 
driven back to the electrode and the argon remains non-con- 
ductive. Impurities in 
the argon tend to cause 
disintegration of the 
cathode (filament) . 
Therefore, although the 
argon is introduced into 
the bulb— after the lat- 
ter has been completely 
exhausted of air-^in the 
purest possible form, a 
purifying agent has to 
be put into the bulb to 
keep it pure. This 
purifying agent is in 
the form of a wire ring 
on the anode. 

In Fig. 175 are shown 
the connections of the simplest form of Tungar rectifier, which 
utilizes only a half wave of the alternating current. The 
equipment consists of the bulb B with filament (cathode) F 
and anode A, transformer T for exciting the filament, rheostat 
R and the load, which latter is shown as a storage battery. 

At an instant when side C of the alternating current supply 
is positive, the current flows as indicated by arrows through 
the storage battery, rheostat, bulb, and back to the opposite 
side of the alternating current line. A certain amount of the 
alternating current, of course, flows through transformer T 
to excite the fllament, the amount depending on the capacity 
of the bulb. When the alternating current reverses and the 
side D becomes positive, the current is prevented from flow- 
ing. In other words, the current is allowed to flow from the 



Fig. 176 — Diagram of Tungar Rec- 
tifier. 
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anode to the cathode or against the flow of emitted electrons 
from the cathode, but it cannot flow from the cathode to the 
anode with the electrons. 

The smallest size of Tungar rectifier made has a capacity 
of 2 amperes on a three-cell battery and 1 ampere on a six- 
cell battery. It comprises a bulb and receptacle, a compensator 
and reactance on one core and a three-ampere fuse and recep- 
tacle. The bulb is about 2 inches in diameter and between 5 
and 6 inches long. The compensator is designed to reduce the 
primary voltage from 115 to that required to deliver the 
proper direct current voltage. The connections of the com- 
pensator and recti- 
fier complete are 
shown in Fig. 176. 
This device weighs 
8 pounds. 

In Fig. 177 is 
shown a somewhat 
larger rectifier of 
the same type, 
which will charge 
either three or six 
cells of lead bat- 
tery at 6 amperes 
from a 115-volt 
circuit. Its con- 
struction is the 
same as that of 
the 2-ampere type ^lOoamea 
described except nug^ 
that there are taps 
for charging either 
three-cell or six- 
cell batteries. The 
voltage drop in the 
Tungar bulb is 
from 5 to 10 volts 

and the efficiency of operation of the 6-ampere rectifier at 
full load is 75 per cent. 

Motor Generator — A motor generator, as the term implies, 
combines a motor and generator, the motor in this case being 
alternating and the generator direct. By giving the generator 
a suitable winding the machine can be made not only to 
change the character of the current from alternating to direct, 
but also to reduce (or increase) the voltage in any desired 
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Fig. 176 — Connections op Tungar Recti- 
fier WITH Compensator. 
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ratio. The voltage of the direct current, and hence the rate of 
charging, can be controlled by means of a rheostat in tiie 
generator field circuit, which involves a minimum loss of 
energy. This same method of control ie applied if a battery 
is charged from a special low voltage generator driven by belt 
Fig. 177 shows a battery charging motor generator manu- 
factured by the Westinghouse Electric & Mfg. Co. It is de- 
signed to operate on 110-volt, 60-cycle alternating current cir- 
cuits and will charge either one six-volt battery, one 12-volt 
battery, or two six-volt batteries in series, control being by 
field rheostat. The output is 10 amperes. 



Fia 177 — Six Ahperb Tungar Rectifier 



Recharging Magneto Magnets — The permanent magnets 
of ignition magnetos in the course of time become weakened, 
with the result that the engine will misfire at low speeds. 
Inasmuch as misfiring at low speed may be due to other causes 
than weakness in the magnets, it is best, if the latter trouble 
is suspected, to determine the length of spark the magneto 
will develop in the atmosphere. If it does not produce a spark 
at least ^ inch in length it is a sign that the magnets are 
weak, and it is then advisable to remagnetize or recharge 
them. Generally the magnets are taken from the magneto. 
A recharger in the form of an electromagnet, to which the 
magnets can be applied, may be used. This can be energized 
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either from direct current service mains or from a 6-volt 
storage or dry cell battery. A design for a magnet recharger 
is shown in Fig. 179. The limbs of the magnet are made 
of soft steel 1 inch in diameter and 3 inches long. They are 
secured to a base measuring BVi x IVa x % inches and are 
provided, with pole pieces measuring 1% x 1% x % inch. All 
contacting surfaces should be machined absolutely flat and 
square so that there will be good metallic contact over the 
entire surfaces. Before the wire ia wound on the magnets 
the latter must be insulated. A sort of spool is formed on 
them by means of two fiber rings, and in this connection it 
is best if the magnet cores are turned down from a diameter 
of IVb inches and a thin collar is left on them at one end 
which supports the fiber ring at that end, the other ring being 
supported by the pole piece. The core between the fiber rings 
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la then wrapped with several layers of muslin which is given 
a coat of shellac in alcohol and allowed to dry. 

The winding to be applied depends upon the voltage of 
the source of current to be used. For a six-volt battery 
wind on three layers of No. 12 double cotton covered magnet 
wire; for a 110-volt circuit, eight layers of No. 22 double 
cotton covered magnet wire. The ends or leads of the wire 
are taped and the outaides of the coils shellaced to make their 
exposed cotton insulation more enduring. Mount the whole 
on a wooden base which also carries a single pole single throw 
knife switch and a binding post. Connect the two coils to- 
gether so that if the current flows through one right handedly 
it flows through the other left handedly (both looked at from 
the top). Connect one free end of the coil to one terminal 
of the switch and the other to the bottom of the binding post 
on the base. The current source is connected to the other 
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terminal of the switch and to the binding post. (See Fig. 180.) 
In recharging the magnets it is important that they be 
applied to the recharger with unlike poles together, that is, 
north pole of magnet to south pole of recharger and vice 
versa. Since like poles repel and unlike poles attract each 
other, the magnet finds its own position if freely held a short 
distance above the recharger poles, while the current is 
switched on. 

Id recharging, set the magnet on top of the charger and 
switch on the current, rock the magnet back and forth on 
its pole edges a number of times, then lay it on its side with 
the poles away from you and ejctending just beyond the far 



Fig. 179 — Magnet Recharger. 



edges of the recharger poles, apply a keeper to the pole pieces, 
switch off the current and withdraw the magnet sideways 
from the recharger. The keeper should remain in place till 
the magnets are again applied to the poles of the magneto. 

The windings speciAed above will heat up quickly when 
connected to current sources of the voltage mentioned, and 
the switch should never be left closed for more than a few 
minutes at a time. 

Where direct current mains are accessible the magnets 
may be recharged without demounting them. The wire must 
then be wound directly over the magnets, and lamp cord is 
probably best for the purpose, as it is very flexible and well 
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insulated. The bared ends of the cord should be twisted 
together so that the two strands form one conductor. Wrap 
on about 50 turns and connect the wires to the main switch 
of the installation through a 10-ampere fuse. A very intense 
current will flow through the wire for an instant, until it is 
stopped by the blowing of the fuse. Particular care should 




Fig. 180 — Connections of Magnet Recharger. 

be exercised to so make the connections that the magnets 
will not have their polarity reversed, for with a given mag- 
netizing force the remanent magnetism will be greater if the 
polarity is not reversed. This method obviates the necessity 
of taking the magneto apart and undoubtedly involves the 
least amount of labor. 
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Ignition Testing Apparatus and Tests 

In the ordinary use and care of i^ition apparatus it is 
seldom that any testing instruments are required except a 
voltmeter and an ammeter. But in shops making a specialty 
of testing and repairing ignition apparatus, and especially 
in the experimental and testing departments of manufacturers 
of such apparatus, various testing instruments designed to 
indicate faults or to indicate or record the exact performance 
of the apparatus can be used to advantage. 

Fault Finders — There have been a few devices designed 
to enable operators to locate ignition faults, but they have not 
come into extensive use. One such device (Fig. 181) is an 
air-tight chamber made partly of glass and partly of metal, 
with an opening into which a spark plug can be screwed and 
another opening through which air pressure can be pumped 
up in the chamber. This device is particularly suited for tests 
with multiple coil systems to determine whether a miss is 
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due to defects in the plug, in the coil or in the connections. 

Suppose one of the plugs in the engine is missing. Ordi- 
narily a spark plug known to be all right is in position in 
the testing chamber. The cable leading to the spark plug 
in the cylinder which is missing fire may then be discon- 
nected and connected instead to the spark plug in the test- 
ing chamber. The current is then turned on and the re- 
sult noted. If the spark jumps the gap at atmospheric pres- 
sure, air is pumped into the chamber until the pressure equals 
the working compression of the engine. If the coil is perfect, 
there is a flash when the current is turned on. If not, it 
indicates that the coil has broken down or is short-circuited. 
The spark plug and wiring may be tested in a similar manner, 
or, if desired, the spark plug thought to be defective may 
be removed from the cylinder and screwed into the opening 
of the testing chamber. By then connecting the cable to the 
spark plug the test can be made at both atmospheric and 
engine pressures. 

In another testing device for ignition systems, a set of 
spark gaps about ^ inch long in the atmosphere and a cor- 
responding set of vacuum tubes are combined in a box similar 
in appearance to a photographic camera. If the spark cable 
carries a normal voltage, a spark will jump across the spark 
gap of the tester; if the voltage is much below normal, no 
spark will pass, but the vacuum tube will produce the well- 
known fluorescence, and if the cable is absolutely dead there 
will be neither a spark nor fluorescence. From the results 
obtained certain conclusions as to the location of the trouble 
may be drawn. 

Cable Testing Device — All ignition cable is guaranteed by 
the manufacturers to withstand certain insulation tests, and 
it is therefore necessary to test the cable before it leaves 
the factory. In Fig. 182 is shown an apparatus for making 
such tests, which is the invention of N. A. Wolcott, of the 
Packard Electric Co. The cable tester comprises an induction 
coil capable of producing a 3-inch spark in the atmosphere. 
The primary coil P is connected through switch D to a storage 
battery B, Secondary winding S is connected to adjustable 
spark gap G and also to terminals EF, which are metallically 
connected to contacts HJ. The latter are spring contacts 
which brush the exterior of the cable as the wire is drawn 
through. JRT is a guide, which, together with contacts H and J, 
is mounted on a heavy wooden base firmly bolted to a support. 

The cable A is drawn rapidly through the guide K and 
contacts E and F, while the spark is continuously jumping 
spark gap G. If a defective spot in the insulation passes 
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through the tester, it is immediately made apparent by the 
absence of sparking at G and vigorous sparking first at F and 
then at E as the bad spot passes these respective points. The 
sound of the sparking at F and E is entirely different from 
that at G, which affords additional means of detecting the de- 
fect if the operator happens not to be looking at the tester the 
instant the sparking occurs. 

Butler Magneto Tester — ^A device for determining the 
maximum length of spark which a magneto will give in the 
atmosphere at different speeds of rotation, the maximum tim- 
ing range, the effective timing range and the volume of the 
spark, has been developed by the Butler Mfg. Co. of Carthage, 
Ind. It consists of a cast aluminum base having a headstock 
A at one end and an adjustable table B for supporting the 
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Fig. 182 — Wolcott's Cable Tester. 

magneto at the other. The magneto is fastened to the table 
by means of a chain clamping device, as shown in Fig. 183, 
and the magneto armature shaft is connected to the head- 
stock spindle by means of a chuck C. A transverse shaft is 
driven from the headstock spindle through a pair of helical 
gears. This shaft at one end is provided with a disc of 
insulating material which carries at its center a metal button 
insulated from the shaft. Connected to the metal button is a 
radial arm D, forming an electrode, whose free end comes close 
to the graduated disc or protractor E carried upon a hub 
formed on the headstock and free to be rocked around its 
axis by means of a radial handle secured to it. A high tension 
cable is led from the high tension terminal of the magneto to 
a connector F on the base, and thence a spark gap finger G 
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provided with a ball grip H of insulating material leads to the 
metal button carried by the insulating diac on the transverse 
shaft. (In the illustration the disc and button are hidden by 
ball grip H.) By means of the ball grip the distance between 
the spark gap finger G and the metal button can be varied 
at will. It will thus be understood that there are two spark 
gaps in series, one between spark gap finger G and the metal 
button of electrode D and the other between electrode D and 
disc E, which latter is grounded. 

In making a test the magneto armature shaft is first clamped 
in the chuck on the headstock spindle and the spark gap 
finger G is connected by cable with the high tension terminal 
of the magneto. If now the crank handle of the headstock is 
turned, a spark will jump between the spark finger G and 



Fig. 183 — Butler Magneto 

the metal button and between electrode D and graduated 
disc E. The electromotive force behind the spark will be 
shown by the distance which the spark will jump between the 
spark gap finger and the button, this distance being gradually 
increased by means of the insulated ball. The volume of the 
spark is shown by the distance the arc follows electrode D 
on the graduated disc E. It is said that with some magnetos the 
spark will extend over an arc of 30 degrees, while vrith others 
it will extend over less than one degree. This test for spark 
volume is very convenient in comparing different breaker cams, 
as one cam will sometimes give a spark extending over an 
arc of several degrees more than another. 

The range of advance and retard is measured by first plac- 
ing the breaker housing in full retard position, operating the 
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crank handle, rotating the graduated disc until the sparks 
appear at zero, directly under the handle. Then the inter- 
rupter housing is shifted to the full advance position. Note 
is then taken at the point where the sparks appear and the 
reading of the protractor at this point gives the timing range 
in degrees. 

To find the effective range, the interrupter housing is set in 
a central position between full advance and full retard; the 
distance between the spark gap finger G and button is in- 
creased as much as possible and still have a good, strong spark 
from the magneto, which should be from Vs to % inch, accord- 
ing to the type of magneto and speed. 

After the most effective distance has been determined the 
protractor is adjusted until the spark appears at zero. Then 
the interrupter housing is shifted in a retard direction until 
the spark begins to weaken and note is taken of where the 
spark appears on the protractor, then the same procedure is 
gone through with for the advance direction of the interrupter 
housing. This will give the most effective range. 

In testing a magneto and coil system with this device the 
cable is connected to the high tension terminal of the coil. 
It is also possible to test a low tension make-and-break system 
with this device. A battery and a non-vibrating coil are then 
connected in series across the spark terminals, and the high 
tension winding of the non-vibrator coil is connected to the 
spark gap finger. In testing wiring, the cable clip may be 
attached to various points of the wiring, distributer or to the 
spark plug terminal of the different cylinders of the engine. 
Unless the tester rests on some metal part of the engine, it is 
necessary to connect a wire from the ground terminal on the 
magneto or from the tester base to the engine. 

Recorder of Synchronism — ^An instrument for determining 
whether the sparks in a multi-cylinder motor occur at exactly 
equal time intervals has been invented by Francis R. Hoyt, 
and is known as the Hitenagraph. The magneto under test 
is connected to the Hitenagraph by a chuck E and the driving 
wheel C is turned, causing the magneto A to generate current. 
One side of the high tension circuit is grounded. The other 
side connects through the high tension terminal G of the mag- 
neto and wire H to the spark index B, where the circuit is 
completed except for an air gap between the point of spark 
index B and the grounded chart drum D, so that, as the mag- 
neto is rotated, the spark in jumping from the point of B to D 
passes through the chart /, which has previously been placed 
on the drum D. F is a thumb nut which engages the index B 
with a worm, causing it to travel laterally across the chart, 
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ihus making the sparks fall side by aide. This chart is com- 
posed of blue paper, to the exterior surface of which a com- 
pound assembling paraffine is applied, so that the spark in pass- 
ing through the chart melts the compound, thus leaving part of 
the blue paper underneath exposed. It may readily be under- 
stood that the size of this blue mark depends upon the amount 
of compound melted, which, in turn, is in direct proportion 
to the intensity or heat of the spark being generated. 

The chart / travels 360 degrees while the magneto shaft 
moves 180 degrees, so that successive sparks from the mag- 
neto will fall side by side when the index B is moving, and 
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by graduating this chart in degrees one can readily see whether 
a magneto is absolutely synchronized, and, if not, how many 
degrees it is out. If the marks or indices are all exactly in a 
straight line, there is absolute synchronism of ignition, 
whereas, if there are two lines of indices, each line including 
every second index, then the sparks do not occur in all of the 
cylinders at the same period in the cycle of the engine, and 
the interrupter cams are not properly spaced. 

Oscillographs — The current impulses in both primary and 
secondary circuits, which are of extremely Bhort duration, 
may be studied by means of an oscillograph. Ordinary elciric 
measuring instruments cannot be used for this purpose, l«- 



232 IGNITION TESTING APPARATUS AND TESTS 

cause the moving parts of such instrutnenta have too much 
inertia to follow such rapid variations of electromotive force 
and current as occur in ifrnition circuits. One of the most 
practical forms of oscillograph is that known as the iron 
ribbon type. The principle of this instrument is essentially 
the same as that of a well-known type of galvanometer. On^ 
in this case the magnetic field is made as intense as possible 
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Fig. 186 — Diagrams of Iron Ribbon Oscillogkaph. 

and the inertia of the moving parts is reduced to a minimum. 
In Fig. 186 are shown diagrams illustrating the principle of 
this oscillograph. N and S are the poles of a powerful perma- 
nent magnet and A and B are pole shoes secured to same 
and designed to produce a very intense magnetic field where 
they approach closest to each other. A tightly stretched ribbon 
C ot soft iron extends between the pole shoes and is enclosed 



IGNITION TESTING APPARATUS AND TESTS 233 

in a brass tube T. Secured to the iron ribbon where it passes 
the pole tips is a amall mirror M and on opposite sides of the 
pole tips are arranged coils D through which flows the alter- 
nating or pulsating current whose wave form is to be deter- 
mined. Directly in front of the mirror in the brass tube is a 
lense h and the coils are so shaped as to not intercept a beam 
of light reflected by the mirror. 

When the instrument is at rest the soft iron ribbon extends 
with its flat sides squarely across the magnet poles, being held 
in this position by both the directing power of the magnetic 
flux and by the torsional elasticity of the ribbon. When 
a current flows through the coils it sets up a magnetic field at 
right angles to that of the magnet and the two fields together 



Pig. 186 — Oscillograph (General Electric). 

form a resultant. The soft iron ribbon tends to twist around 
until its central portion lies parallel with the lines of force, 
and it assumes a position which is determined by the strength 
of the current on the one hand and its resistance to torsion on 
the other. The stronger the current the more the ribbon (and 
with it the mirror) will deflect. 

Owing to the exceedingly low moment of inertia of the rib- 
bon it can follow the most rapid variations in current without 
appreciable lag. 

Photographic Record of Waves — If, while an alternating or 
pulsating current flows through the coils, a beam of light is 
thrown on to the mirror, the reflected beam will constantly 
move up and down, and if a sensitive film were moved at uni- 
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form speed past the mirror in a direction at right angles to 
the plane in which the beam of light plays, then the ray of 
light will trace on the film a curve which represents the fluc- 
tuations of the current. In the actual oscillograph a photo- 
graphic apparatus is built together with the galvanometer por- 
tion into a single instrument. 

A photograph of the current wave is known as an oscillogram. 
A set of oscillograms were shown in Fig. 77. 
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Electric Generators 

Historical — In the early days of the automobile industry, 
when there was keen competition between the electric, steam 
and gasoline propulsion systems, the inability of the gaso- 
line motor to start under its own power stood out as one of 
its weakest points. Both the electric and the steam motor 
start from rest with a torque several times their average run- 
ning torque, but the gasoline motor had to be started by hand 
and required a friction clutch which permitted it to be 
later placed in driving connection with the running gear of 
the car. Another deficiency of the gasoline motor was its 
inability to deliver excess power or to carry overloads for 
short periods. To overcome these objectionable features of 
the gasoline propulsion system it was proposed to combine 
electric and gasoline power, and a number of combination 
gasoline-electric models were built possessing the advantage 
of a self -starting power plant of considerable flexibility. The 
origin of electric self-starters for gasoline automobiles may be 
traced to those early combination vehicles, although the self- 
starting feature probably was rather secondary in the minds 
of the inventors, whose chief aim was greater flexibility of 
the power plant. The power plant generally consisted of a 
gasoline motor direct connected to a shunt-wound dynamo 
which was electrically connected to a storage battery. Below 
a certain critical speed of the engine the dynamo would act 
as a motor, drawing current from the storage battery and 
assisting the gasoline motor in propelling the car. Above 
this speed the dynamo would act as a generator and charge 
the battery. Several such self-starting combination power 
plants were built in the late nineties of the past century. 

Electric lighting was used on electric vehicles from the 
beginning of the electric vehicle industry. Only carbon fila- 
ment lamps were then available, which were rather inefii- 
cient, consuming about 3 watts per candle power. However, 
electrics needed comparatively little illumination, and as they 
carry a rather large store of electric energy this inefficiency 
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did not stand in the way of electric lighting. On gasoline 
cars electric lights came to be used only after the advent of 
the metal filament (tungsten) lamp, which consumes only 
slightly more than 1 watt per candle power. This was about 
1908. At first the lamps were supplied with current from a 
storage battery, which was recharged from outside sources 
when it was exhausted, but dynamos were soon developed 
which would automatically keep the battery charged. Among 
the first dynamo lighting systems to be brought out were the 
Apple and the Gray & Davis in 1909 and 1910. Once a regu- 
lar electric generating plant for automobiles had been per- 
fected, so that an ample supply of electric energy was con- 
stantly available on the car, there was nothing in the way of 
adding other electrically operated appliances, and one of the 
first to be added was the electric starter. The first combined 
electric lighting and starting system was marketed by the 
Dayton Electrical Laboratories Co. in 1911. Other systems 
soon followed. 

Terminology — ^An electric starting and lighting system 
comprises two or three main elements and a number of sub- 
sidiary parts. There is first the electric generator which 
produces the electric energy consumed by the lamps and in 
starting the engine ; then there is the storage battery in which 
the electric energy generated is stored until it is needed, and 
finally there is the electric motor which furnishes the me- 
chanical power necessary to crank the engine. An electric 
generator and an electric motor are substantially one and the 
same machine — if we limit ourselves to continuous current 
machinery, which alone is used in automobile lighting and 
starting equipment. Stating the matter in another way, any 
electric generator will also serve as an electric motor, and 
vice versa. If the machine is driven from some source of 
mechanical power it generates electric current, and if electric 
current from an outside source is sent through it, it devel- 
ops mechanical power. For that reason the same machine 
is sometimes used both as a generator to keep the battery 
charged and as a motor to start the engine. Such a double 
purpose machine is known as a dynamotor. The term dynamo 
is applied to both generator and motor. The reason that the 
same machine is not always used both as a charging generator 
and a starting motor is that if a separate machine is used 
for each of the two purposes it can be designed to perform its 
function more efficiently, as will be explained further on. 

Principles of the Dynamo Generator — A dynamo generator 
operates on substantially the same principle as a magneto gen- 
erator, the only essential difference between the two being 
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that the field tt&me of the former is an electro-magnet, while 
that of the latter is a permanent magnet. 

Dynamo generators, like magnetos, in the first place gene- 
rate alternating current. The alternating current may be 
either used as such, or it may be transformed, or commutated, 
before it leaves the machine, into a direct or continuous cur- 
rent, this being accomplished by means of a device known 
as a commutator. In electric lighting and starting, since 
most of the current passes through a storage battery, only 
direct current can be used, and all dynamos of electric light- 
ing and starting systems are of the direct current type and 
comprise a commutator. 

The essential parts of a dynamo then are : 

1. A field frame producing a magnetic field of force. 

2. An armature carrying conductors in which an electro- 
motive force is induced as the armature is revolved in the 
magnetic field. 

3. A commutator which "commutates" the induced current, 
changing it from alternating into direct current. 

4. A brush rigging and brushes for collecting the current 
from the revolving commutator. 

5. Field windings through which an electric current is 
sent in order to establish a strong magnetic field. 

Field Frames — Owing to the fact that lightness is an es- 
sential of all motor car parts, only materials of high magnetic 
permeability are chosen for the field frames of automobile 
dynamos, such as wrought iron, wrought steel or cast steel. 
Occasionally the field is built up of sheet metal laminations 
and this construction insures the lowest possible weight, as 
the sheet metal can be more thoroughly annealed and there- 
fore has a higher magnetic permeability than solid blocks 
of metal. Magnetos used for automobile ignition have only 
two poles, which corresponds to a single magnetic circuit, but 
dynamo-generators often have four and sometimes even more 
poles. All or nearly all automobile dynamos are of the iron 
clad type, that is, there is an outer ring or frame from which 
poles extend inwardly. In Fig. 187 are shown some of the 
• forms of field magnets most commonly employed. The one 
shown at A is a two-pole frame of substantially rectangular 
form. Field exciting coils are placed on both field poles. At B 
is shown a similar form, with one "salient" pole on which the 
field exciting coil or coils are placed and one ''consequent" 
pole. C shows a four-pole frame of the round type and D a 
four-pole frame with two salient and two consequent poles. 
In all of these diagrams the paths of the magnetic lines are in- 
dicated by arrows. It may be pointed out that while in a 
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magneto it is necessary to have the limbs of the majnieta 
comparatively long, since the coercive force, which is the 
cause of the magnetic field of force, is proportional to the 
length of the magnets, in a dynamo the aim is to make the 
magnetic circuits as short as possible, as here the magneto- 
motive force originates in the exciting coils and an increase in 
the length of the magnetic circuit simply adds to the reluc- 



Fia. 187 — Types of Generator Field Fbahes 

tance. It is this consideration which leads to the adoption of 
multipolar field frames, as in many instances the length of 
the magnetic circuits can be shortened by using more than 
two poles. 

In many Cases the field poles are provided with pole shoes 
as shown in Fig. 188. The object sought is to increase the area 
of the air gap in order to reduce the magnetic reluctance 
of same, and yet keep down the cross sectional area of the 
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poles on which the exciting coils are wound. The magneto- 
motive force does not increase with the length of the field 
turns, whereas the amount of wire required and the energy 
consumption do increase with this length. These pole shoes 
also come in handy for supporting the field coils. 

Principle of Commutator — The principle of the commutator 
is illustrated in Fig. 189 which shows a coil of wire which is 
supposed to rotate between poles of a two-pole magnet. Each 
end of the single turn is connected to a semicircular metal 
segment, and a brush (not shown) bears on each segment. 
The direction of the e.m.f. induced in the coil changes every 
time the sides of the coil pass out from under one pole and be- 
neath the other, and as at the same time the brushes pass 
from one segment to the other, the polarity of the brushes 
always remains the same. If the brushes were connected by 
an outside wire, then a unidirectional, though pulsating, cur- 
rent would flow in the wire. The value of the current would 
constantly fluctuate between zero and maximum. By provid- 
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Fig. 189 — Armature Coil 



ing the armature with a considerable number of sections and 
the commutator with a corresponding number of bars, the 
fluctuations can be almost but not completely eliminated. 

Commutator Construction — The commutator of an actual 
generator consists of a number of stamped copper bars or 
segments, equal to the number of sections in the armature, 
which are separated by sheets of insulating material, usually 
mica. The bars and interposed sheets of mica are firmly held 
together by a clamping device consisting of a metal sleeve with 
a head whose inner side is undercut at an angle, a washer 
similar in shape to the head of the sleeve and a nut screwing 
over the end of the sleeve. The sleeve is surrounded by a 
bushing of insulating material and washers of the same ma- 
terial are placed between the assembly of commutator bars 
and the two clamping heads. Each bar is then completely 
insulated from every other bar and from the clamping sleeve. 
A sectional view of such a commutator is shown in Fig. 190. 
At the rear end (toward the armature) the commutator bars 
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are provided with lugs. These are slotted and into the slots 
the armature leads (ends of coils) are soldered. After being 
assembled the commutator is turned off smoothly all over and 
then sandpapered on the outer cylindrical surface, so that it 
presents a good bearing for the brushes. Sometimes the as- 
semblage of copper bars and mica insulation, instead of being 
clamped between conical heads on a metal sleeve, is molded in 
synthetic insulating material such as bakelite or condensite. 

Construction of Armature^The armature core is built up 
of soft sheet iron disks which are stamped with a hole at 
the center for threading them over the shaft and with slots 
all around the circumference in which the armature conduct- 
ors are placed. Originally the conductors were wound on 
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the outside of the core, but by placing them in slots the length 
of the air gap can be greatly shortened, whereby the energy 
required for exciting the field is reduced, and, besides, prac- 
tically all driving strain is taken off the conductors and placed 
on the teeth of the core instead. The armature core must of 
necessity be made up of thin disks and these be slightly insu- 
lated from each other by varnishing them or placing sheets of 
thin paper between, because, if the core was one solid mass, 
eddy currents would be induced in it and result in great loss. 
The currents would flow in the core in the same direction 
as in the armature conductors, that is, toward the rear on one 
side and toward the front on the other. Since the core forms 
only a single conductor the e.m.f. induced in it is exceed- 
ingly low, and by also making the conductivity of the core 
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low, by varnishing the disks, etc., the eddy current loss can 
be practically eliminated. 

Fig. 191 shows an armature disk on which two forms of slots 
in common use have been drawn in. 

The armature conductors are always put on in complete 
turns, and, since the electromotive forces induced in all parts 
of a section must be such as to act in the same direction 
along the length of the wire, the wire must be so wound on 
that when one side of a turn is, say, opposite a north pole 
the other side is opposite a south pole. The electromotive 
force induced in one side of the wire will then tend to send a 
current toward the rear of the armature and in the other 
toward the front of the armature, as indicated by arrows in 
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Fig. 192, and all induced e.m.fs. in the same armature section 
tend to cause a current to flow around the circuit in the same 
direction. From the above it follows that in a two-pole 
dynamo the two sides of an armature convolution must be lo- 
cated in diametrically opposite slots; in a four-pole dynamo 
they must be located in slots 90 degrees apart; in a six-pole 
dynamo in slots 60 degrees apart, and so on. Each slot gen- 
erally contains halves of two armature sections, so that there 
are as many armature slots as there are armature coils or 
sections, but sometimes in small machines more than one 
section are placed in one slot. 

In each section of the armature winding an electromotive 
force will be induced which, a? the armature revolves, varies 
substantially according to the law of sines. The induce^ 
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electromotive force is greatest when the conductors are in 
the middle of the pole shoes, as lines of force are then cut at 
the most rapid rate, and it is zero when the conductors are 
midway between pole shoes. In this latter position the direc- 
tion of the current through the armature sections reverses. 

After all of the sections have been wound on and the arma- 
ture has been suitably treated with an insulating compound 
and baked, the end of one section is connected to the beginning 
of the next or adjacent section. This connection is usually 
made by soldering the end lead of one section and the begin- 
ning lead of the next to the same commutator bar. This is 
done all around the armature. The arrangement of circuits, 
in a two-pole armature, is therefore as diagrammaticaly indi- 
cated in Fig. 193. It will be understood, of course, that each 
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coil or section is wound completely around the core, its turns 
passing from front to back through a slot on one side, and 
from back to front through a slot on the opposite side. In 
the diagram the coils are merely indicated by zigzag lines 
on that side of the core where the leads or ends are brought 
out. In the coils midway between pole pieces no electromo- 
tive force is induced. The electromotive forces in the sec- 
tions to one side of these neutral sections are all in the same 
direction and those in the sections on the opposite of the 
neutral sections are all in the opposite direction. The whole 
armature winding therefore forms two parallel circuits, as in- 
dicated by arrows in Fig. 193. 

Then, if brushes are placed on the commutator at B and B\ 
and connected through an outside circuit, current will flow 
through the armature winding as indicated by tlie arrows and 
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return through the outside circuit. As the armature rotates, 
sections of the winding are continually transferred, as their 
commutator bars pass under the brushes, from one group to the 
other, but at all times the electromotive forces of all sections 
in either group are equi-directional and therefore add together. 
Each armature section, of course, carries only one-half the 
current flowing in the outside circuit. Each section, as the 
commutator bars to which its leads are connected pass under 
the brush, is momentarily short circuited. It has already been 
stated that in one particular position no electromotive force 
is induced in the coils. If a coil is short circuited by the brush 
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while an e.m.f. is induced in it a short circuit current will, 
of course, flow in the section. The conditions of commutation 
are best if this short circuit current at the moment the short 
circuit is broken is exactly equal to the current which will 
flow in the section when it is included again in one of the 
regular armature circuits, for then there will be no change 
in the value of the current flowing in the section as its short 
circuit is broken, and hence there will be no sparking at the 
brushes. 

Hand and Form Wound Armatures — ^Armatures may be 
either hand wound or form wound. The first method is gen- 
erally employed where small wires and many turns per section 
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are used, the latter in the alteniRte case. A hand wound 
armature is illustrated in Fig. 194, and hardly anjrthing need 
be said to explain the method. The winder begins at any 
particular pair of slots and winds on one section, then goes 
to the pair adjacent to these slots, and so on all around the 
armature core. One disadvantage of this method is that the 
first half of the sections wound on lie in the bottoms of the 
slots and the last half In the tops, hence not all sections are 
alike, as they preferably should be. This objection ia over- 
come in the form wound armature as illustrated in Fig. 195. 
View A gives an idea of the appearance of the coils at the rear 
end and view B indicates how one-half of the end portion of 
the coil is made to extend out farther from the core to clear 
the other half. One side of a form wound section always lies 
in the lower part of the slot and the other side in the upper 
part and all sections are absolutely alike. The sections of a 
form wound armature are wound on a wooden form, taped, im- 



FiG. 194 — Hand-Wound Armature 

pregnated with insulating varnish, and baked before being ap< 
plied to the core. Hand wound armatures are Impregnated and 
baked after they are completely wound and before the commu- 
tator is put on, or at least before the leads are soldered to it. 
As the armature in service revolves at high speed, the cen- 
trifugal force acting on the armature coils tends to make them 
iiy out of their slots. To prevent this, bands of piano wire 
are wound over the completed armature in depressions in the 
core provided for the purpose. In form wound armatures such 
bands are also wound over the ends of the armature coils that 
project beyond the core. First a band of mica strips is applied 
over the coils and then piano wire is wound on. Several 
sheet copper clips are placed under the band and their ends 
are bent over and soldered to secure the ends of the binding 
wire. In armatures whose slots are partly closed the "band- 
ing" may be dispensed with. Strips of fiber are then placed 
in the top of the slot, which close the opening and are held in 
position by the baked insulating compound. 
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Armature Winding Diagrams — Fig, 196 shows a winding 
diagram for a two-pole hand wound dynamo. The circles near 
the circumference of the armature represent the armature 
conductors. A cross (tail end of an arrow) in one of these 
circles is intended to mean that the current in the conductor 
flows away from the observer or from the front to the back 
of the armature, whereas a central point is intended to mean 
that the current in the conductor flows toward the observer 
or from back to front of the armature. Only the connections 
at the forward or commutator end of the armature are drawn 
in, the connections at the rear end being always from one slot 
to the diametrically opposite one. The beginning lead of each 
armature section is brought straight out to the commutator 
bar directly opposite it, while the end lead, which comes out 
exactly half way around the armature from the beginning 
lead is carried around the armature at the commutator end 



Fig. 195 — Sketches Illustrating Form Winding 

to the bar adjacent to the one to which the beginning lead is 
soldered. That it ia a hand wound armature is shown by the 
fact that half of the beginning leads are at the bottom and 
half at the top of the slots. In a form wound armature all 
beginning leads would be in the same position in respect to 
the slot. 

Fig. 197 is a diagram of a four-pole armature winding re- 
quiring the use of four brushes. Here the connections at the 
rear of the armature are also shown, and it will be seen that 
the two sides of each coil are a quadrant apart. This diagram 
applies to a form wound armature, as each coil comprises one 
bottom and one top section. The two positive and the two 
negative commutator brushes are connected together respect- 
ively. By tracing out the armature circuits it will be found 
that the end lead of each coil or armature section connects 
to the commutator bar adjacen': to the one to which the begin- 
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ning lead of the same coil connects, the same as in the two-pole 
winding shown in Fig. 196. 

In some cases, especially where the machine will be located 
in a cramped space, it is desirable to use only two brashes on 
a four-pole machine, and it is then necessary to use a special 
method of connecting the armature windings, known as a 
series grouping, which is illustrated in Fig. 198. In this case 
the end lead of one section, instead of being connected to 
the commutator bar adjacent to the one to which the begin- 




FiG. 196 — Diagram of Two-Pole Armature Winding 



ning lead of the same section is connected, is connected to the 
bar directly opposite to the latter. With such a winding for a 
four-pole machine the number of sections must be odd. 

Self Excitation — The field frame of a dynamo being an 
electromagnet, it loses practically all of its magnetism when 
the machine is stopped. When it is started again the small 
amount of remanent magnetism of the field causes a small 
electromotive force to be induced in the armature windings. 
This enables the armature to furnish current for the field 
coils, and the fields will thus be strengthened. The e.m.f. 
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induced in the armature will then increase, and so in turn 
TtriU the strength of the field, this gradual growth of arma- 
ture e.m.f. and field strength continuing until a condition 
of stability is attained. The phenomenon juat described is 
known as "picking up." Under certain conditions, as if the 
commutator is dirty, so that the brushes are not making 
good electrical contact, the machine may fail to pick up, but 
when everything ia right it will always do so. 



Methods of Field Connection — The field magnets of a 
dynamo, of course, may be excited from an outside source of 
current, but this plan ia not employed in actual work. The 
energy required for field excitation amounts to only a few 
per cent, of the electrical energy generated by the dynamo, 
and part of the latter energy is therefore used for the fields. 
There are several different methods of connecting the field 



248 ELECTRIC GENERATORS 

coils to the armature, and the characteristics of the dynamo 
vary greatly with theae. In the first place, we may wind the 
fields with a relatively email number of turns of heavy wir« 
and send the whole of the current derived from the armature 
through the field winding before it is sent to the consuming 
devices (see Fig. 199). The field coils are then connected 
in series with the armature, and such a machine is known as a 
series dynamo. This type, however, is practically never used 
as a generator, for the reason that its voltage varies greatly 



with the load, whereas in practically all applications of dyna- 
mos a substantially constant voltage is required. This may 
be explained as follows: Suppose that the dynamo carries 
only a light load; in other words, that the resistance of the 
circuit is high. Then only a small current will be delivered 
by the dynamo, and as it is this current which flows through 
the field coils, the excitation will be low, there will be a rela- 
tively small magnetic flux, and consequently a low induced 
e.m.f. If now the load on the dynamo is increased by lower- 
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ing the resistance of the outside circuit, then the main cur- 
rent will increase, and with it the field excitation and the 
induced e.ni.f. 

By the second method of excitation, known as shunt exci- 
tation, the field circuit is connected in shunt across the arma- 
ture, as shown in Fig. 200. In that case the current flowing 
through the field coils is always proportional to the e.m.f. 
of the armature, and is almost wholly independent of the load 
carried by the dynamo. The characteristic curves of both 
shunt and series dynamos are shown in Fig. 201, from which 
it will be seen that the e.m.f. of the shunt d3niamo is nearly 
constant throughout the whole range of the load, there being 
a slight drop in e.m.f. with an increase in load. This is due 





Fig. 199 — Series 
Generatob 



Fig. 200— Shunt 
Generator 



to the fact that there is some loss in voltage in the armature 
windings when the latter carry current, and to the further 
fact that the armature current distorts the magnetic field and 
reduces its useful component. 

When an absolutely constant voltage is required, as in 
house lighting, the dynamo is provided with both a shunt 
and a series field winding, or what is known as a compound 
winding, as shown by Fig. 202. It has been pointed out 
that with a shunt winding alone the voltage tends to drop 
slightly as the load on the dynamo increases. Now, the few 
series field turns on a compound wound dynamo, of course, 
increase in strength as the load rises, and compensate for 
the drop mentioned, thus keeping the voltage constant. Dia« 
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grammatic representations of series, shunt and compound dy- 
namos are shown in Fig. 203^ 

All the preceding considerations apply to conditions of 
constant speed, under which conditions nearly all stationary 
motors are operated. But the automobile engine operates at 
variable speed, and in the case of a dynamo driven from it 
the problem of control must be solved along different lines. 
With an increase in speed both the e.m.f. and the current 
delivered by a dynamo tend to increase. Now, in all automo- 
bile electric systems a storage battery is constantly connected 
to the dynamo as long as the e.m.f. of the latter is sufficient 
for charging purposes, and to prevent charging at an unduly 
high rate when the engine runs fast, some means must be 
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Current Output 

Fig. 201 — Characteristic Curves of Shunt and Series 

Generators 

adopted to prevent this increase in output with an increase 
in speed, or at least to minimize it. One way of accom- 
plishing this is to provide the dynamo field with a shunt 
winding and a reverse or opposing series winding, the two 
together forming a differential winding. Then, as the e.m.f. 
and current delivered increase as the result of an increase 
in speed, the current through the reverse series winding also 
increases, and this reduces the strength of the magnetic 
'field. This weakening of the magnetic field compensates 
largely for the increase in speed, and there will therefore 
be only a slight gain in output with an increase in speed. 

The characteristics of the four different tjrpes of dynamo 
generators therefore may be briefly recapitulated as follows: 
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Fig. 202 — Compound 
Generator 



Series dynamo— at constant speed 
e.m.f. grows rapidly with output. 

Shunt dynamo — at constant speed 
e.m.f . is nearly constant, dropping only 
slightly with an increase in output. 

Compound dynamo — at constant 
speed gives an almost absolutely con- 
stant e.ml. for any load within its 
capacity. 

Differential dynamo— tends to keep 
output constant despite variations of 
speed. 

Brushes and Brush Rigging — The 

brushes which bear on the commutator 
and take off the current are generally 
made of carbon or graphite — in rare 
instances of copper. They are pressed against the com- 
mutator by a spring. Almost any form of spring 
may be used, from a coiled compression spring to 
a flat leaf spring. Since the spring presses directly on 
the current-carrying brush, its support or anchorage must 
be insulated from the dynamo frame. In fact, the spring 
forms a conducting connection between the movable brush 
and the stationary current-carrying part, and may serve to 
carry the current from the brush to the dynamo terminal. 
However, where appreciable currents are involved, it is safer 
to provide a flexible cable connection, known as a pig tail, 
between the brush and the holder, as if the spring has to carry 
most of the current it is liable to become hot and lose its 
temper. A well-designed brush rigging is illustrated in 
Fig. 204. The brush holders A, which contain the carbon 
brushes B, are secured to but insulated from a rocker ring C, 
which fits over the bearing hub of the dynamo. A shear type 
wire spring D containing a number of turns is secured to a 
lug on the brushholder bracket, and its free end extends into 
slots in the holder and presses on the carbon. The end of 
the spring is looped so it can be easily grasped between the 
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Fig. 203 — Diagrams of the Different Types of Generators 
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fingers when it is desired to renew the carbon. Flexible 
cables E connected to the carbons are provided with cable 
terminals at their ends, and connect to terminal posts in 
the housing of the dynamo. In this particular design there 
are two brushes side by side (this cannot be seen in the 
drawing) . This feature tends to reduce sparking, because if 
the contact of one brush with the commutator should be 
momentarily impaired by a slight unevenness of the bearing 
surface, most likely the other brush would make good con- 
tact at the time. 
In the brush rigging shown in Fig. 204 the brush follows 




Fig. 204 — Brush Rigging (Sliding Brushes) 



the outline of the commutator, and is fed toward same as 
it wears, by sliding in the brush holder. There is another 
type of brush rigging in which the brush holder has a pivot 
support around which it swings, the brush being securely 
clamped in the holder. The latter type is exemplified by 
the Delco construction shown in Fig. 205. Here the free 
end of the holder is drawn toward the commutator by a coiled 
spring surrounding the pivot stud, one end of the spring 
being anchored on a stationary pin and the other end hooked 
over a pin on the brush holder. A flexible cable is secured 
to the brush holder, so the current does not have to pass 
through the bearing surface of the pivot support. 
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Commutation — On« of the prime essentials of a saccess- 
ful vehicle dynamo Is sparkless commutation. As long as the 
dynamo carries no load the position of the brushes ensuring 
commutation under the most favorable circumstances Is such 
that the coil short-circuited by the brush spanning two com- 
mutator bars lies substantially midway between pole pieces, 
this being the position of minimum Induction. If we shift 
the brushes from the position in either direction the e.m.f. 
between brushes will decrease until when the brushes have 
been shifted through an angle equal to one-half the angle 




Fig. 205 — Brush Rigging (Rocking Brush Holdeks) 

between the centers of adjacent poles there will be no e,m,f. 
between them. At the same time there will be severe spark- 
ing at the brushes. 

When the dynamo is running under load and the armature 
consequently carries considerable current, a cross magnetic 
field is set up by the armature current which tends to shift 
the position of most favorable commutation — forward in the 
direction of armature rotation in the case of a generator, and 
backward in the' case of a motor. The explanation of this 
phenomenon is that the magnetic field due to the armature 
current is at right angles to the regular magnetic field, and 
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the two together form a resultant which is angularly displaced 
with relation to the magnetic field of the field frame. This, 
of course, shifts the position of ''no induction/' and hence 
the line of commutation. Theoretically, therefore, the brushes 
would have to be shifted slightly around the commutator 
as the load increased and decreased. In practice this obvi- 
ously cannot be done, and the aim then niust be to reduce 
the effect of ''armature cross magnetization" to a minimum. 
One way of accomplishing this is to make the magnetic field 
relatively strong, and put comparatively little copper on the 
armature, which, however, leads to a rather heavy and expen- 
sive machine for a given output. Another method sometimes 
applied consists in forming the pole pieces with a rather 
deep and wide lengthwise central slot. This, as indicated in 

Fig. 206, introduces a gap 
in the path of the cross- 
magnetic lines, and there- 
fore reduces their num- 
ber. 

Prevention of Humming 
at High Speeds — ^As the 
teeth of a toothed arma- 
ture pass out from under 
the pole face there is a 
sudden change in the 
magnetic flux through 
them, and this, at high 
speed, gives rise to a 
Pig. 20fr— SwwTBa) Pole Shoe somewhat unpleasant 

humming noise. To ob- 
viate this noise the design must be so arranged that 
not the whole tooth passes out from under the pole face all 
at once. This can be accomplished either by "twisting'' the 
armature core so that the armature slots, instead of run- 
ning parallel with the armature axis, form parts of helices 
on the armature surface; by similarly twisting the pole 
faces or by making the edges of adjacent pole shoes ap- 
proach each other more closely at the middle of their length 
than at their ends. 

Capacities of Automobile Generators — One of the most 
difficult problems in connection with the design of a gener- 
ator for an automobile electric system is to determine the 
best output capacity. Not only does the amount of electrical 
energy consumed vary somewhat with the size of the car 
and with its equipment, but it varies greatly even with the 
same make of car at different seasons of the year and for 
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diiSerent conditions of operation. The generator furnishes 
current continuously while the engine is running above a cer- 
tain minimum speed. On extended drives in the open coun- 
try, as in touringy it will be sending current into the bat- 
tery continuously for long periods. Current is taken out 
of the battery for different purposes, such as lighting, start- 
ing, operating the horn, etc. In touring, very little is gener- 
ally required for engine starting, while the amount required 
for lighting depends upon the amount of night driving done. 
Under average touring conditions there is generally much 
charging and little discharging, for the average tourist, after 
having driven more or less all day does not care much for 
night driving in strange country. On the other hand, when 
a car is used principally in the city, by a man who is occupied 
indoors during the day, there is apt to be a great demand 
for current for lighting and little opportunity for recharging. 
In such cases the battery is generally in a very low state 
of charge, and deteriorates quickly. 

Both overcharging and undercharging are' objectionable, 
though the former is not nearly so injurious as the latter. 
It is therefore well to select a generator capacity which will 
insure a certain amount of overcharging under average con- 
ditions. The largest generators used on cars have a maxi- 
mum capacity, or are regulated for a maximum capacity, of 
about 160 watts, while most generators have an output of 
from 100 to 120 watts. 

Care of Dynamos — The majority of lighting and starting 
dynamos are equipped with ball bearings, but a few have 
plain bearings on the armature shaft. The armature bear- 
ings and the commutator, with its brushes, are the only 
wearing parts of the dynamo, and therefore the only parts 
requiring periodic attention. Bearings must be oiled at inter- 
vals, and in regard to the length of these intervals it is best 
to follow the maker's instructions. One of the chief points 
to be observed in the case of automobile dynamos is to avoid 
overlubrication. This is due to the fact that oil accumula- 
tions are an enemy of good insulation. Oil always collects 
dust, and the dust inside a dynamo of the enclosed type 
consists mainly of particles of conducting material worn off 
the commutator and brushes. If much excess oil gets into 
the machine, conducting layers formed of oil and metal or 
carbon dust are apt to form, and short-circuit the machine. 
On the other hand, oil also attacks rubber insulation with 
which the flexible cables between the brushes and the termi- 
nal posts are usually covered. If oil collects on the commu- 
tator it interferes with good brush contact and induces 
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sparking. Dirt on the commutator is indicated by tiny sparks 
encircling the commutator. It must be removed^y wiping 
the commutator with a dry cloth while the machine is run- 
ning. Another trouble likely to result from overlubrication 
is that the oil gums the carbon brushes tight in the brush 
holders, which impairs the contact between the brush and 
the commutator and results in sparking. When this occurs, 
the remedy is to remove the brushes from the holders and 
thoroughly clean the contacting surfaces of both parts. 

Care and Adjustment of Brushes — For sparkless commu- 
tation accurate positioning of the brushes is most essential. 
In a two-pole machine the two brushes must be located 
exactly diametrically opposite each other; in a four-pole 
machine, exactly at quarters, etc. Most machines are pro- 
vided with means for adjusting the brushes, and if their 
adjustment is believed to have been disturbed, as in the case 
of repair work, the position of most nearly sparkless commu- 
tation should be found by trial. Another essential to good 
commutation 'is the right amount of spring pressure on the 
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Fig. 207— Under-cutting Mica 



brushes. If the springs are too light the brushes are apt 
to shatter, especially where the whole machine is subject to 
considerable vibration, as on a car. On the other hand, if the 
pressure is too great there i^U be considerable loss due to 
brush friction, with the resultant heating, and both brushes 
and commutator will wear away quickly. Long experience 
has proved that a spring pressure of about 2 pounds per 
square inch of brush-contact surface is good practice. The 
experienced electrician can tell whether the pressure is sub- 
stantially right by simply lifting up on the springs. 

Sometimes one or more of the mica plates which separate 
adjacent commutator bars will come loose and rise slightly 
above the surface of the commutator. The protruding mica 
can generally be removed by means of a sharp knife. After 
long use the commutator generally becomes rough, because 
the mica is harder than the copper, and wears away more 
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slowly. The armature must then be removed from the dynamo 
and placed in a lathe, and the commutator turned down, 
taking: off just sufficient to remove all unevenness, and then 
smoothing it with fine sandpaper. In its normal condition 
after a period of use the commutator presents a rich, glossy 
brown color. If the color is of a lighter shade a little lubri- 
cant will improve conditions. There are various "commu- 
tator compounds" on the market, but in the absence of these 
a stick of paraffin wax will do. It is applied to the surface 
of the commutator while the armature is in motion. 

Undercutting Mica — ^Where brushes of relatively soft 
material are used there is a tendency for the copper bars 
to wear down faster than the mica, causing the mica to 
project from the commutator, and resulting in arcing at the 
brushes. To prevent this the mica is undercut so that the 
brushes never touch it. The commutator comes with the 
mica undercut, from the factory, but after the copper has 
worn down somewhat the mica must be undercut or slotted 
again. The following instructions for doing this are from 
the literature of the Dayton Engineering Laboratories Co. 

The armature is first removed from the machine and placed 
in a lathe, where the commutator is trued up so as to be 
perfectly concentric. This work should be very carefully 
done, and as fine a cut as possible taken, to avoid waste of 
copper. When the commutator has been trued up, cut out the 
mica between the copper bars with a hacksaw blade, the 
sides of its teeth having been ground off until it will cut a 
slot slightly wider than the mica insulation. In this way a 
rectangular slot free from mica, approximately 1/32 inch 
in depth, is obtained between two adjacent commutator bars. 
After undercutting the mica the edges of these slots should 
be beveled very slightly with a three-cornered file, in order 
to prevent any burs remaining, which would cause excessive 
brush wear. This method of undercutting the mica puts the 
commutator in good condition. Reference to Fig. 207 will 
show how the slots should look when finished. 

Sandihg-In Brushes — ^When new brushes are fitted they 
must be bedded to the commutator. In some cases the 
brushes are arranged to stand radially to the commutator, 
but generally they stand at a slight angle, so that the fric- 
tion between the brush and commutator tends to increase 
the pressure between them. The brush is first ground or 
filed down on its bearing surface to the approximate angle 
of contact. Then it is placed in position in the brush holder, 
a sheet of fine sandpaper is placed on the commutator with 
the back or paper side toward the latter and the "business 
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side" toward the brush, and while one man presses down on 
the brush another draws the sandpaper back and forth over 
the surface of the commutator. In this way the brush is soon 
worn down to a cylindrical surface conforming to the wearing 
surface of the commutator. 

The Dayton Electrical Laboratories Co. gives the follow- 
ing directions for ''sanding in" brushes: Use a fine piece 
of No. 00 sandpaper, cut in strips slightly wider than the 
brush. Never use emery cloth.^ The sandpaper is wrapped 
around the commutator so as to make contact with at least 
half of the circumference, as iUustrated in Fig. 208, with the 
sand side away from the commutator and in contact with 
the end of the brush. Now, by drawing this strip of sand- 
paper back and forth it is possible to fit the brush very 
accurately to the commutator. 
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Fig. 208 — Sanding-in Brushes 
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Fig. 209 



Small unevennesses which form on the commutator in the 
course of time can be removed by means of fine sandpaper 
which is applied to the commutator while the machine is 
in operation. To prevent shoulders being worn on the com- 
mutator at the sides of the brushes the latter may be stag- 
gered so that one brush slightly, overlaps the outer edge and 
the other the inner edge of the commutator, a groove being 
turned in same adjacent to the lugs to which the wires are 
soldered, so as to form a sharp ledge at the inner end of the 
bearing surface. (See Fig. 209.) This practice is especially 
to be recommended where copper gauze or leaf brushes are 
used, as they wear the commutator more rapidly than carbon 
brushes. 
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Generator Control 

All automobile electric generators are primarily shunt 
wound machines — ije., the main field winding is a shunt wind- 
ing. Such a machine has a speed-voltage characteristic of 
the general form shown in Fig. 210, the resistance of the 
outside circuit being supposed to be constant and sufiiciently 
large so that at normal speed the current wiU not exceed 
the rated output capacity. As has been explained bef ore, 
the voltage induced in a generator armature is in direct pro- 
portion to the speed of revolution of the armature, the num- 
ber of magnetic lines of force passing through it and the 
number of conductors on the armature that are connected in 
series. As long as one of these factors, the speed, is very 
small, the voltage cannot be great, the more so because one 
of the other two factors, the number of lines of force, also in- 
creases with the speed. This is so because the voltage in- 
creases directly with the speed, the field exciting current is 
directly proportional to the voltage and the number of lines of 
force increases with the exciting current. The voltage there- 
fore increases rapidly with the speed, as the diagram shows. 

Need of Battery Cutout — ^As long as the voltage of the 
generator is below that of the battery, the former must not 
be connected to the latter, because if it were, the battery 
would discharge through the generator armature and field 
coils. Therefore, most automobile electric systems include 
an automatic switch or battery cutout which connects the 
generator to the battery as soon as the generator voltage 
attains a value sufiiciently high for charging, and disconnects 
it from the battery when the voltage falls below this value. 
Generators and their drives are generally so designed that 
this voltage is attained at a comparatively low car speed, 
from 7 to 10 miles per hour. on the direct drive. As the 
speed continues to increase, the generator voltage continues 
to rise, and since it requires only a small increase in charging 
voltage to produce a relatively large increase in charging cur- 
rent, with a positively driven generator of the shunt wound 
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type a point would soon be reached where the battery would 
draw an excessive current — ^to its own detriment as well as 
that of the generator. 

Constant and Variable Speed Generators— In stationary 
electric plants the generators are always driven at constant 
speed, or as nearly constant speed as possible, and the prob- 
lem of regulation is* then a comparatively simple one. For 
electric lighting service, for instance, a substantially con- 
stant line voltage is required, irrespective of the number of 
lamps in circuit, and this is obtained by providing the gen- 
erator field with a main shunt winding and a small supple-. 
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Fig. 210 — Speed- Voltage Characteristic of Shunt Generator 

mentary series winding, which latter compensates for the drop 
in voltage with increasing load observed in a plain shunt- 
wound dynamo. Not much had been done in the way of devel- 
oping variable speed generators for battery charging previous 
to the advent of dynamo lighting systems for automobiles, 
though several systems of train lighting by means of current 
from generators driven from the car axles had been developed, 
and some attempts had been made to use windmills or aerial 
motors for generating current for storage battery charging. 

Battery Floating on the Line — ^In Fig. 211 is shown a sim- 
ple diagram of connections which is typical of all automobile 
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^ Ml 

Fig. 211 — Battery Floating on the Lime 

electric systems. From the terminals of the generator, con- 
nection is made through the automatic switch to the battery, 
and from the battery connection is made to the consuming 
devices — such aa lamps, starter, etc., through hand or foot- 
operated switches. In such installations the battery is said 
to "float on the line." Current can flow from the generator 
direct to the consuming devices, and the battery will either 
receive or deliver current, depending upon the amounts gen- 
erated and consumed, respectively. If more is generated 
than is consumed the difference goes into the battery, and if 
more is consumed than is generated, the difference comes 
from the battery. The voltage applied to the consuming de- 
vices is governed by the battery. In other words, it is sub- 
stantially that at the terminals of the battery, and as long as no 
excessive current flows into or out of the battery the voltage 
applied to the consuming devices will range within permissible 
limits. The problem of generator regulation therefore con- 
sists chiefly in cssuring that the current passing into the 
battery never exceeds a certain value. 

Voltage and Current Control — There are two distinct 
principles of regulation, viz., regulation for constant voltage 
and regulation for constant current. The respective merits 
of these principles depend chiefly upon their effect on the 
charging of the battery. If constant current regulation is 
used, then, as long as no consuming devices are connected 
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Fig. 212 — Taferinc Charge 
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to the battery, the latter receives a charginfir current of 
constant value, whether it is already fully charged or whether 
it is nearly discharged. With constant-voltage regulation, on 
the other hand, the charging rate varies with the state of 
charge of the battery, being greatest when there is very lit- 
tle charge in the battery and decreasing as the amount of 
charge in the battery increases. This may be explained as 
follows: The electromotive force of the battery rises with 
an increase in the amount of charge in the battery, as shown 
by curve A, Fig. 212. Straight line B represents the constant 
voltage of the generator and the current flowing into the 
battery, for any state of charge of the latter is proportional 
to the distance between curve A and line B, along the vertical 
line corresponding to this state of charge. Therefore, as 
the charge in the battery increases, the current flowing into 
the battery will decrease as the height of the shaded area 
in Fig. 212. This gives what is known as a ''tapering charge'^ 
which is generally recommended by battery manufacturers. 
One of its advantages is that if by a heavy drain, as by 
extended night driving, the battery has been brought to a 
low state of charge, the generator will send a comparatively 
heavy current into the battery, thus filling it up rapidly, while 
if the battery holds a complete or nearly complete charge 
only a very small current is sent into the battery. If the 
battery is already fully charged all of the current sent into 
it is wasted, and it is, of course, desirable that this waste 
be as small as possible. There is no doubt that the tapering 
charge is the most efficient for any state of charge. On the 
other hand, there is one important thing to be said in favor 
of constant-current regulation. Suppose that the battery has 
been neglected and in consequence is badly sulphated, so that 
its internal resistance is comparatively high. Then, with a 
constant voltage system it will receive a very low charging 
current, which will tend to keep it in a state of low charge 
and therefore aggravate the sulphation instead of curing it. 
On the other hand, with constant-current regulation the charg- 
ing current sent into the battery will be the same, whether 
the battery is sulphated or not. 

Methods of Voltage Control — Since the voltage depends 
upon three factors, viz., 

(1) Speed of revolution ; 

(2) Number of lines of force; 

(3) Number of effective armature conductors, 
we may obtain a constant voltage 

(1) By keeping the speed of revolution of the armature 
constant ; 
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(2) By decreasing the number of lines of force to com- 

pensftte for increase in the speed of the armature; 
(8) By decreasing the number of effective armature con- 
ductora to compensate for an increase in the speed 
of the armature. 
Since the engine speed varies greatly with the car speed 
and with changes of gear, if the generator speed is to re- 
main constant, we have to employ some form of clutch which 
will slip when the engine runs beyond a certain speed. Such 
"governor clutches" have been employed by several well- 
known makers of electric equipment both here and abroad. 



Fw. 213 — Gray & Davis Goveknoe Clutch 

including Gray & Davis, Hartford, Peto & Radford. A good 
example of such a. clutch is the original Gray & Davis, illus- 
trated in Fig. 213, which was used for several years. 

Governor Clutch — Referring to the illustration, A is a 
driving shaft which is driven positively from the engine 
crankshaft and whose speed therefore increases and decreases 
with that of the latter. To this shaft is secured an aluminum 
friction disk B, which is faced with asbestos fabric. Facing 
this friction disk is another, cast iron one, C, which is con- 
strained to turn with the armature shaft, but capable of mov- 
ing lengthwise thereto. The two disks are pressed together 
by a coiled spring D which rests against an adjustable collar 
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E, on the annature shaft. Hinged to disk C are two governor 
weights FF, and these are also connected by links to the 
collar E. At low speeds of the engine the spring presses 
the two disks together with sufficient foroe to insure the 
armature being carried along with the driving shaft at the 
same speed as the latter, but above 1200 r.p.m. the centrif- 
ugal force on the governor weights causes the latter to move 
out from the axis of rotation against the pressure of the 
spring, thereby momentarily drawing the driven disk away 
from the driving disk and causing slippage between the two. 
As soon as the armature slows down the centrifugal force on 
the governor weights diminishes and the spring presses the 
disks into contact again. The pressure of the spring is so 
adjusted by means of collar E that the armature will be kept 
running at 1200 r.p.m. 

Under ordinary conditions of driving the clutch will natur- 
ally be slipping more or less all the time, consequently will 
generate heat and produce wear. In order to reduce the wear 
to a minimum the friction surface is made comparatively 
large, so that the pressure on it per unit of area is small 
(about one pound per square inch). To keep down the heat- 
ing, both discs are provided with fan blades, and there are 
ventilating openings provided in the disks and in the housing 
of the generator. 

One objection to the constant speed or governor pulley sys- 
tem is that it is not very efficient. Suppose, for instance, that 
the gearing is such that at a car speed of 12 miles per hour 
the dynamo armature runs at 1200 r.p.m. and the clutch, 
therefore, just begins to slip. Then at 24 miles per hour the 
clutch will be slipping 50 per cent — i.e., its driven member 
will be running just half as fast as its driving member, and 
just as much energy as is transmitted will be lost in friction. 
In other words, the efficiency of transmission is only 50 per 
cent. Inasmuch as the power transmitted is only small (less 
than ^ hp.), this is not a serious matter, yet it is one point 
in respect of which the governor clutch method of control com- 
pares unfavorably with other methods. 

The electrical conditions with this system of control are 
ideal. By using a properly compounded dynamo the voltage 
is maintained almost absolutely constant and the battery re- 
ceives a tapering charge. 

Control by Changing Field Strength — The second method 
of control consists in reducing the number of magnetic lines 
through the armature as the speed increases. This can be 
done in several ways as follows : 

(1) Resistance may be introduced in the field circuit by 
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some automatic device actuated by current from the 
armature proportional to the generator voltage. 

(2) The field strength may be changed by including in it a 
resistance controlled by a magnetic vibrator which 
will pass less current when it vibrates more rapidly: 

(S) The field may be provided with a reverse series coil; 

(4) The armature may be partly drawn out of the "arma- 

ture tunnel" at high speed by means of a centrifugal 
governor; 

(5) A magnetic shunt may be provided across the pole 

pieces which is drawn closer as the field strength 

increases. 
Variable Resistance in Shunt Circuit — Examples of the 
first method of regulation are to be found in the control 
of the Bosch system and of a former U. S. L. system. The 
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Fig, 214 — Bosch Voltage Control System 

Bosch control system is illustrated in Fig. 214. It will be 
seen that there is a small auxiliary shunt field winding, which 
is permanently connected to the armature terminals, and 
another, main shunt field winding, which includes a variable 
resistance, in circuit. This variable resistance consists of a 
mixture of ground carbon and mica, the mica being used 
to impart a certain "springiness" to the mass. It is placed 
in a corrugated metal cup A and a perforated steel plate B 
bears on top of it, the pressure on the plate being due to 
the spring C. Plate B forms the armature for an electro- 
magnet whose coil is connected in shunt across the generator 
terminals. 

Carbon is an electric conductor, but mica is an insulator 
and as the carbon particles when not subjected to any pres- 
sure are in loose contact, the mass of the mixture offers con- 
siderable resistance to the passage of the current. If pressure 
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is applied to the mass the carbon particles come into more 
intimate contact and the resistance is consequently reduced. 

It will be understood that as the electromotive force de- 
veloped by the generator increases by reason of an increase 
in speed, the electromagnet becomes stronger and attracts 
armature B against the pressure of spring C This lessens 
the pressure on the resistance material and increases its re- 
sistance, because with reduced pressure there is less inti- 
mate contact between the carbon particles. But as the resist- 
ance of the carbon increases the current through it and the 
main field winding decreases, thus decreasing the strength 
of the magnetic field, which tends to keep the induced voltage 
constant. By means o% cone D the pressure of spring C can 
be varied and thus the rate of charging be changed to suit 
different conditions. 

The principle involved in the old XJ. S. L. system was 
substantially the same, only instead of a ground carbon and 
mica mixture there was used a pile of carbon disks which 
were pressed together by a spring and the pressure was eased 
by an electromagnet. Only a single shunt field winding was 
used and the carbon disk regulator was connected in circuit 
with this, but in addition there was a relatively weak reverse 
series winding. 

Solenoid-Controlled Field Rheostat — Instead of varying 
the resistance by exerting more or less pressure upon a 
"springy" conducting mass, a regular multi-section rheostat 
may be used which is actuated by a solenoid connected either 
in series with or in shunt to the main line. This plan is fol- 
lowed in the Adlake system, of which a diagram is shown 
herewith. The generator is shunt wound and the rheostat is 
connected in series with the shunt field winding. In the 
illustration the generator, battery and lamps are shown dia- 
grammatically, while of the regulator itself a regular mechan- 
ical elevation is shown, parts being sectioned to disclose the 
interior construction. Referring to the cut, the solenoid coil 
is shown at G, and within this coil there is an iron core JRl, 
which connects by means of a cable L over a pulley M with 
the piston N of o, dash-pot O. The magnetic suction of sole- 
noid G on core K is counter-balanced by the weight of piston 
N and a certain number of shot contained therein. When the 
charging current increases by reason of an increase of the 
speed of the gasoline motor, solenoid G exerts a stronger pull 
on core K. This causes the pulley M to turn on its axis, and 
since rheostat arm F is rigidly fastened to the pulley, more 
sections of the rheostat are thereby cut into the field circuit. 
This reduces the current flowing through the field coil and 
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hence the field strength, and thereby makes up for the increase 
in speed. By increasing or decreasing the number of shot in 
the piston end of the dash-pot, the output for which the regu- 
lator is set can be varied at will. 

Generator Output Increased for Lamp Load — The Adlake 
regulator embodies a feature also found in several other 
systems — viz., that of automatically increasing the current 
output of the generator when the headlights are turned on. 
To this end the winding of the solenoid is made in two sec- 
tions. When the headlights are off the current flows through 
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Fia. 21E — ^Adukb Cubrent Rboiilator 

the whole of the solenoid winding, but by turning on the head- 
lights, part of the solenoid winding is cut out of circuit, and 
since the solenoid has then fewer effective turns, a stronger 
current must flow through it to move the rheostat arm to a 
certain position. 

Mercury Tube Regulator — Still another embodiment of the 
system of controlling the voltage of the generator by varyingr 
an outside resistance in the shunt field circuit is found in the 
voltage regulator employed with Deico systems for several 
years. A sectional view of this regulator is shown in Fig. 
216. 
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It comprises a solenoid A surrounding the upper half of a 
mercury tube B. Within this mercury tube is a plunger C 
consisting of an iron tube with a coil of resistance wire 
wrapped around its lower portion on top of a layer of insulat- 
ing material. One end of this resistance wire is connected to 
the lower end of the tube and the other end to a pin D in the 
centre of the plunger. The lower portion of the mercury tube 
is divided by an insulating tube into two concentric wells, the 
plunger tube* being partly immersed in the outer well and the 
pin in the inner well. The space in the mercury tube above the 
mercury is filled with oil which serves to prevent oxidation of 
the mercury and to lubricate and to form a dashpot for the j 

plunger. 

Referring to the diagram of connections, Fig. 217, the sole- : 

noid A is connected in shunt across the generator terminals, so ' 

that the current flowing through it and the magnetic effect ex- 
erted by it are always proportional to the voltage at the gener- 
ator terminals. Plunger C floats upon the mercury and if 
there were no other forces acting upon it than the buoyancy of 
the mercury and the force of gravity, it would always remain 
at a certain height. However, since the plunger is made of 
magnetic material, it is acted upon by the solenoid, the effect 
being to draw it farther out of the mercury the greater the 
current flowing through coil A. The resistance wire wound 
on plunger C is connected in series with the shunt field wind- 
ing, but that portion of the resistance wire submerged in the 
mercury, of course, is cut out of circuit. Therefore, the great- 
er the current flowing through solenoid A, the greater will be , 
the outside resistance in circuit with the shunt field. The field I 
current enters the regulator through binding post /, flows 
through the mercury in the inner well to pin D, thence through i 
the resistance wire, into the mercury in the outer well, whence ' 
it flows into the frame or ground. 

In this regulator provisions were made to compensate for 
the effects of temperature variations upon its operation. An 
increase in temperature would increase the resistance of the 
solenoid, thereby reducing the magnetic effect corresponding 
to a certain generator voltage. Consequently, more of the re- 
sistance wire would be submerged in the mercury and the bat- 
tery would be charging at a higher rate than intended. Sim- 
ilarly, at very low temperatures, the battery would charge at 
a lower rate than intended. This is prevented by winding over 
the solenoid and connecting in series therewith a resistance 
wire of special material having a negative temperature co- 
efficient (i. e., whose electrical resistance decreases with an in- 
crease in temperature). In this way the total resistance in 
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the solenoid circuit remains the same irrespective of temperar- 
ture changes. 

Magnetic Vibrator Regulation — Several malcers of electric 
equipment employ magnetic vibrators similar to coil vibrators 
for regulating the voltage or output of their generators. The 




rate of vibration of such a vibrator depends upon the amount 
of current flowing through its coil — the greater the current 
the higher the rate of vibration. When such a vibrator is in- 
cluded in a field circuit the current flowing through the latter 
will be a pulsating one. Now, a field circuit generally has con- 
siderable self-induction, and the amount of current that flows 
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Uirough it will be the smaller the more rapid the pulsations, 
other things being equal. 

It would hardly be feasible to connect the vibrator directly 
in circuit with the main shunt winding, aa then the field ex- 
citation would momentarily drop down to nothing, and trouble 
would also be likely from the arcing which would accompany 
the breaking of a circuit of so much inductance. For that 
reason the vibrator is incorporated either in a supplementary 
shunt field (as in the Jesco system), or is connected across the 
terminals of a resistance unit in series with the shunt field. 

A vibrator of the type employed for this purpose, the Bijur, 
is illustrated in Fig. 218. A is the iron core which is sur- 
rounded by a magnet winding H. Keeper G is pivoted at 




Fio. 218 — Bijur Vibrator Regulator 



B and is held away from the end of the core by a coiled tension 
spring E. A brass atop pin / prevents the armature G from 
coming in contact with the end of the iron core. The contacts 
of the vibrator are shown at C and F, They are mounted on 
vibrating reeds, arranged at right angles to each other. Con- 
tact C and its reed R are mounted on armature G, and stop 
pins D limit the lateral movement of this contact. Contact F 
and its reed are mounted on an arm, as shown. 

There is considerable tendency to arc when the contact is 
broken, and when magnetic vibrators were first applied to this 
purpose it was not uncommon for them to "freeze," that is, 
fuse together. In the regular operation of a vibrator, small 
particles of metal are constantly transferred from the positive 
to the negative contact, forming a crater on the positive and 
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Pig. 219 — Circuit Diagram op Constant Voltage System 

a cone on the negative one. The roughness of the contact 
surfaces thus formed has a tendency to aggravate the arcing, 
and after this has been going on for some time the contacts 
are apt to stick together. The reed support for the contacts 
is intended to prevent trouble from this source. Owing to 
the vibration of the gasoline motor, the contacts will oscillate 
laterally between their stops, and in consequence the contact- 
ing surfaces will be continually shifting. The wiping surfaces 
will always keep clean and bright, it is claimed. 

In Fig. 219 is shown the manner of connecting the vibrator 
in circuit. The generator is shunt wound and an outside re- 
sistance unit R is included in the shunt circuit. This resist- 
ance, however, is short circuited by the contacts of the vibrator 
(here shown in diagram) when these contacts are together, so 
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Fig. 220 — CiRcurr Diagram of Constant Current System 
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that then the field current flows only throusrh the shunt wind- 
ing. When the vibrator contacts separate the resistance is in- 
cluded in the field circuit, and the field current is thereby re- 
duced. As long as the vibrator is operating, the field current 
will constantly play between upper and lower limits, and its 
average value will depend upon the rate of vibration. 

In Fig, 219, which illustrates the Bijur connections, the coil 
of the electromagTiet is connected across the terminals of the 
generator. Hence the current through the coil will vary with 
the electromotive force developed by the generator. Any 
slight increase in generator e. m. f., will cause a greater cur- 
rent to pass through the coil of the vibrator magnet, the 



Fia. 221 — DiAOKAM Showing Rise or Magnetizing Force of Shunt 

Winding and Demagnetizing Force of Series Winding with 

Increasing Voltage 

vibrator will vibrate more rapidly and reduce the current flow- 
ing in the field winding, thus tending to keep the electromotive 
force developed constant. This, therefore, is an example of 
constant- voltage regulation. 

A similar regulating system, but arranged for constant- 
current regulation, is used on the Ward Leonard electric sys- 
tem, and is illustrated in Fig. 220. We have here also a shunt 
wound generator with an outside resistance unit which is al- 
ternately cut into and out of the field circuit by a magnetic 
vibrator. But in this case the coil of the vibrator magnet, in- 
stead of being connected across the generator terminals, is 
connected in the main circuit. Therefore, the whole of the 
current delivered by the generator flows through it, and 
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If this current increases the vibrator vibrates at a higher rate 
and cuts down the field current, thus tending to keep the cur- 
rent output of the generator constant. With both of these 
systems of control the charging rate can be adjusted by vary- 
ing the tension on the vibrator spring. 

Differentially Wound Generator — ^Undoubtedly the simplest 
system of control is by the use of a reverse series field wind- 
ing. It does not involve any wearing or moving parts and re- 
quires no adjustments. The principle of action is exceedingly 
simple. At the speed at which the battery is connected to the 
generator by the automatic switch, the generator voltage only 
slightly exceeds the battery voltage and a small current will 
flow into the battery," which, by flowing through the reverse 
series field winding, produces a slight demagnetizing force. 
Any further increase in speed will increase the voltage and 
therefore send a stronger current into the battery. Now, the 
strength of both the shunt or direct field and of the series or 
reverse field increases with an increase in voltage, but the 
proportional increase in the strength of the series field is much 
greater. This is illustrated diagrammatically in Fig. 221. It 
is here assumed that a three-cell battery is connected to the 
generator, which begins to charge at 6 volts. Then the mag- 
netizing force of the shunt winding is directly proportional to 
the generator voltage, whereas the demagnetizing force of the 
series winding is directly proportional to the excess in voltage 
over six. It will be seen that the line representing the de- 
magnetizing force of the series winding rises much quicker 
than that representing the magnetizing force of the shunt 
winding, and if these lines were prolonged as shown by dotted 
lines, they would intersect. In other words, the direct mag- 
netizing force of the shunt winding and the demagnetizing 
force of the series winding would be equal. But this cannot 
occur, because with two equal and opposite magnetizing forces 
there would be no magnetic flux, and no electromotive force 
would be induced in the armature. The voltage approaches the 
closer to that corresponding to the point of intersection the 
higher the speed, but it never quite reaches it. 

This form of control gives neither a constant voltage nor a 
constant current characteristic, the current output rising rath- 
er rapidly to a maximum and then dropping off gradually, this 
latter effect being due chiefly to cross magnetization or shift- 
ing of tke axis of commutation. Fig. 222 shows the current 
output of a generator with reverse series control, as depend- 
ent upon the speed of rotation. 

Rushmore Ballast Coil Regulation — A modificatipi^.^pf the 
reverse series system of control is employed byl Rushmore, 
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One objection that may be urged against the plain differential 
generator is that the energy expended in the reverse series 
coil is wasted, at least at moderately low-charging speeds. The 
speed-current curve of such a generator is substantially like 
that shown in. Fig. 222 and it would certainly be preferable to 
have the current attain substantially its full or maximum value 
at a lower speed and remain constant at higher speeds. Rush- 
more attained this end with very little complication. He made 
use of a peculiar property of iron wire — viz., that its resist- 
ance to the passage of electric current increases abruptly be- 
yond a certain temperature. This is illustrated in Fig. 223. 
With an ordinary wire, say German silver, the amperes padoed 
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Fig. 222 — Speed-Current Characteristic op Generator with 

Reverse Series Regulation 



increase in direct proportion to the voltage applied, as shown 
by line B. With an iron wire of the proper dimensions, on the 
other hand, after the current has attained a certain value, a 
large increase in voltage produces practically no further in- 
crease in current, as shown by curve A, This property is 
made use of for regulating purposes in the following manner 
(Fig. 224) : 

The generator has both a main shunt field winding and a re- 
verse series winding, the latter being called a bucking coil by 
Rushmore. Shunted across this series winding is a length of 
iron wirejQ the form of a ballast coil. Series winding and bal- 
last c$il:£j[r6 therefore connected in parallel and divide the mam 
curreifti Jteiween them in inverse proportion to their respect- 
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ive resistance; that is, the one having the most resistance 
takes the least current, and vice versa. Now, when the iron 
wire of the ballast coil is cool it has much less resistance than 
the series winding and takes by far the greater part of the 
current, so that the reverse series winding has little effect. 
But as the current increases the ballast coil heats up and its 
resistance quickly rises, so that most of the current delivered 
by the generator passes through the series coil and exerts a 
relatively strong demagnetizing effect. The result is that from 
the point where the generator begins to charge the battery the 
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Fig. 223 — Diagram Showing Abrupt Increase of Electric 
Resistance of Iron Wire at Critical Temperature 



charging current increases rapidly with an increase in speed 
until it attains nearly its full value, and then, the critical tem- 
perature of the iron being reached, the current remains al- 
most constant for any further increase in speed. The temper- 
ature at which the great increase in the resistance of iron oc- 
curs is just below red heat. 

Another method of regulation by varying the magnetic flux 
through the armature consists in the provision of a centrifugal 
governor which draws the armature lengthwise part way out 
of the armature tunnel in proportion to the speed. 
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Magnetic Shunt — A further method of decreasing the mag- 
netic flux as the output increases is to provide a magnetic 
shunt which forms a bypath for the magnetic lines of force 
past the armature. This plan is applicable only to certain 
forms of field frames. Fig. 225 illustrates the Wells generator 
which is regulated on this principle. It is of the two-pole tjrpe, 
with a single field coil located above the armature. The mag- 
netic shunt A is hinged to one field pole, and is magneticallj^ 
attracted by the other when there is current flowing through 
the field coil, the force of attraction, of course, increasing with 
the field strength. Upon an increase in speed, the armature 
voltage, and hence the field strength, will increase, which will 
result in the magnetic shunt being drawn closer to the field 
pole against the pressure of coiled spring B. This will shunt 
an increased proportion of the magnetic flux around the arma- 
ture and thus keep down the armature voltage. 




Fig. 224 — Circuit Diagram of Rushmore System 



Regulation Through Armature Reaction — It is possible to 
so design a shunt dynamo that it is more or less self -regulat- 
ing. As has been pointed out previously, the voltage induced 
in the armature is proportional to three factors, viz., the 
speed of revolution, the magnetic flux and the number of arma- 
ture conductors. In order to obtain a certain voltage the 
product of these three factors must have a certain value. But 
the designer is at liberty to vary the individual factors, as long 
as the product remains constant. For a self -regulating ma- 
chine a comparatively small flux and a large number of arma- 
ture conductors would be chosen. A small flux means a smaller 
cross-section of the magnetic circuit. It has repeatedly been 
stated in explaining the principle of previously described sys- 
tems that with an increase in field current the magnetic flux 
increases. While this holds true for all degrees of magnetiza- 



GENERATOR CONTROL 



277 




Fig. 224 — ^Wells Generator 
WITH Magnetic Shunt 



tion, beyond the point of sat- 
uration a large increase in 
field current is attended by 
only a slight increase in mag- 
netic flux. Practically speak- 
ing, it is then impossible to 
further increase the flux. 
This is one thing that tends 
to keep down the voltage dur- 
ing a rise in speed. Another 
is the considerable drop in 
voltage in an armature hav- 
ing a relatively large number 
of conductors, and the third 
and probably the most impor- 
tant cause tending toward 
self-regulation is armature 
cross-magnetization, or arma- 
ture reaction. If we suppose 
that all parts of the magnetic 
circuit are already saturated 
when there is practically no 
current flowing in the arma- 
ture, then a heavy armature current will not add to the flux 
through the armature, but it will shift the direction of the flux, 
and since the commutator brushes remain stationary they are 
no longer in the most favorable position for commutation. 
Looking at the matter in another light, the brushes are vir- 
tually shifted relative to the line of commutation, whereby the 
effective number of armature conductors is reduced and the 
voltage consequently kept down. 

Third Brush Regulation — ^A variation of the system of reg- 
ulation just described, also depending on the principle of arma- 
ture cross magnetization and the consequent shifting of the 
line of commutation, is that known 
as the third brush or interbrush 
method of regulation. The dia- 
gram. Fig. 226, explains this sys- 
tem. A shunt fleld winding is used 
and is connected between one of the 
main brushes and an extra brush 
located between the two main 
brushes. When the armature is 
carrying no appreciable current 
the main brushes bear on those 
commutator bars between which 
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Fig. 226 — Third Brush 
Method of Regulation 
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there is a maximum difference of potentiaL This is 
diagrammatically shown in Fig. 227. The curve repre- 
sents the variation of potential around the commu- 
tator, and it will be seen that the two main brushes MB 
are located in the positions of maximum positive and maxi- 
mum negative potential respectively, while the intermediate 
brush IB is located in an intermediate position. If now a 
load is put on the generator so that a heavy current flows 
through the armature conductors, the magnetic field will be 
distorted and the line of commutation rotated through a cer- 
tain angle in the direction of armature rotation, as already ex- 
plained. The conditions of commutation are then modified as 
represented by the brushes shown in outline. It will be no- 
ticed that, owing to the form of the curves, the potential differ- 
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Fig. 227 — Diagram Illustrating Variation of Field Strength 
WITH Generator Output in Third-Brush Regulation 



ence between the main brushes is only slightly reduced, from 
A to Bf whereas the potential difference between the inter- 
mediate brush and the main brush on the right (between 
which the shunt field coil is connected) is very materially re- 
duced, from C to D. Therefore, as the speed of the generator 
increases and with it the charging current, the field strength 
is reduced so as to limit the current output. The effect may be 
accentuated by placing the main brushes slightly behind the 
axis of commutation for no load (to the left in Fig 227). Ac- 
tually in a charging generator with third-brush regulation 
the charging current reaches a maximum at a certain speed 
and then decreases as the speed increases further. By the 
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simple expedient of varying the position of the intermediate 
brush the speed-current characteristic of the generator can be 
changed. 

The third brush regulating system has come into quite ex- 
tensive use as it is very simple and seems to meet the require- 
ments satisfactorily. Fig 228, based on information issued 
by the Dayton Electrical Laboratories Company, shows the 
variation in current output with speed of a generator with 
third brush regulation, as well as the variation of the field 
current. 

Another method under the same heading consists in mount- 
ing the field frame on trunnions. As the armature revolves 
there is a certain magnetic drag between armature and field. 



which increases in proportion to the current flowing in the 
armature. The field frame tends to follow the armature in 
its motion, but is restrained by a spring. The spring will 
yield an amount proportional to the armature current, and 
since the brush rigging is stationary the brushes will be moved 
from the line of most favorable commutation in proportion to 
the load on the generator. This involves a reduction of the 
number of effective armature conductors and consequent regu- 
lation of the output. 

Cam-Operated Regulator — An interesting method of 
voltage control has been introduced by the Westinghouse Elec- 
tric & Mfg. Co., which in the past has used the reverse series 
and the third brush methods. This consists in the use of a 
vibrator of peculiar form for introducing a resistance into the 
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shunt field circuit of the generator and cutting it out period- 
ically. The regulator is illustrated in Fig. 229. The vibrating 
blade or reed is acted upon by a cam, or rather, an eccentric, 
which is keyed to the armature shaft. This eccentric has a 
very small eccentricity, 0.008 inch in one particular design. 
What corresponds to the stationary contact in an ordinary 
vibrator is flexibly supported and is acted upon by an electro 
magnet carrying a winding connected across the armature 
terminals. As the eccentric revolves the vibrating contact 
point moves up and down, and it remains in contact with the 
other point for a shorter or longer fraction of the time of each 
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Fig. 229 — Westinghouse Cam-Operated Regulator 



revolution, according to the position of that point, which is con- 
trolled by the electro-magnet. As the generator voltage in- 
creases, the magnet becomes stronger and draws the upper 
contact farther away from the lower. The result is that con- 
tact will last for a shorter time. Fig. 230 shows the electrical 
connections. It will be seen that when the contacts are closed 
the field resistance is cut out of circuit and when they are open 
it is in circuit. Therefore, as the contacts are moved farther 
apart and in consequence come in contact for a shorter period 
of time, the effect of the field resistance is increased, i. 6., the 
tendency is to diminish the generator voltage and thus to neu- 
tralize the effect of the increase in speed. 
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Fig. 230 — Diagram op Connections op Cam-Regulator System 

This method of voltafire regulation has been employed on 
motor trucks and motorcycles where, for certain reasons, it was 
considered undesirable to carry a battery. The absence of a 
battery, of course, renders the problem of voltage control for 
electric lighting much more difficult, as a battery floating on 
the line has a powerful steadying effect. Very good regulation 
is obtained with this system as may be seen from Fig 231, 
which gives the variation of the voltage with engine speed for 
three different loads, viz., headlamp, sidecar lamp and tail 
lamp all on (full line) ; head lamp and tail lamp only 
(dashed line), and tail lamp alone (dash-dotted line). It will 
be seen that the voltage is maintained very nearly constant 
throughout a speed range extending from about 1000 r.p.m. to 
about 3000 r.p.m. of the engine. The generator was driven 
at twice crankshaft speed. The little machine was of cylindri- 
cal form, 3 7/16 inches in diameter by 6^4 inches long over 
aU and weighed only 7^ lb. 




Fig. 231 
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-Speed-Voltage Characteristic at Dipperent Loads op 
Cam-Controlled Generator 
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Efifeet of Temperature on Generator Output — The output 
of an electric generator has a natural tendency to decrease as 
the temperature of the generator rises. This is due to the 
fact that the resistance of all of the wires increases with a rise 
in temperature, and in consequence there is a greater voltage 
drop in the armature windings, and less current flows through 
the field windings for a certain voltage impressed upon them. 
This is a rather fortunate condition, for during the winter, 
when the atmospheric temperature is low, more electrical en- 
ergy is required for both starting and lighting. By careful 
design the effect of temperature variation upon output can 
be farther increased. Of course, after the generator has been 
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Fig. 232 — Effect of Frame Temperature on Generator Output 



running for an extended period its temperature will be much 
the same, regardless of atmospheric temperature, but the 
charging rate may be very considerably greater while the ma- 
chine is first started from cold. This feature of charging gen- 
erator design has been specially investigated by the Westing* 
house Co. and Figs. 232 and 233 show the characteristics of a 
generator with third brush method of control developed by 
that concern. With this system the drain on the battery due to 
short trips, or runs involving frequent starts, is met by 
larger current output from the generator. More current can 
be taken from a generator with this method of design than 
it would be capable of withstanding continuously without over- 
heating. The very rise of temperature that would tend to 
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endanger the generator automatically protects it by cutting 
down its output to a safe value. 

Thermostatic Control of Generator Output — ^The increased 
demand for electric energy in winter driving has led the Remy 
Electric Go. to provide a thermostat to increase the charging 
rate in cold weather. This device cuts a resistance in the 
field circuit at high temperatures, thus decreasing the output. 
The thermostat proper is of the dissimilar metals type. Re- 
ferring to Fig. 234, steel punchings A support the thermo- 
metal blade B with silver contact points C, and the resist- 
ance unit E, A and B are riveted together through block D 
in such a manner that A is insulated from B. The resistance 
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Fig. 233 — Rise in Frame Temperature and Drop in Output 

AFTER Starting from Gold 



unit is formed by winding resistance wire around a heavy 
piece of mica. 

The thermo blade B is composed of a spring brass strip 
welded to a strip of nickel steel. The brass strip is on the 
lower side of blade B and tension has been placed on the 
spring brass through the medium of the adjusting nut F so 
that the points C are always in good contact at temx>eratures 
below 150 deg. Fahr. This adjustment is made at the factory 
and is permanent. 

If the temperature of the air about the thermostat exceeds 

^ 160 deg. Fiiir. the blade is warped upward owing to the 

greater coefifcient of heat expansion of the brass as compared 
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frith the nickel steel, thus separating contact points C. Con- 
versely, when tbe temperature falls below 160 deg. Fahr. the 
spring brass strip pulls down and the points C again make 
contact 

The generator to which this thermostatic Kgulator is ap- 
plied is controlled by the third brush method, as shown by 
the diagram of connections. Fig. 235. With the field resist- 
ance in circuit the maximum output is 14-16 amperes, with 
the resistance out of circuit it is 20-22 amperes. 

With a thermostatic switch as here described, if a driver 
starts out on a summer day, the generator output will be 
about 21 amperes. After several miles have l>een run at 
normal speed the thermostat will open and the output will 
drop to about 15 amperes. In the meantime the energy con- 




sumed in cranking the engine has been returned to the battery. 
On the other hand, during a very cold day the thermostat will 
never open. 

Care of Automatic RegulatorB — ^Witb a governor clutch, 
wear of the friction facing will lower the pressure of the 
spring when the clutch is in engagement. Hence, less centrifu- 
gal force on the governor weights will be required to dis- 
engage the clutch and the latter will then disengage at a lower 
speed. The result of this will be that the generator will run 
at lower speed and will generate less current than formerly. 
Therefore, if the battery will not remain charged and there 
is no other way to account for it, it may be tliat the clutch 
facing has worn down, and in order to compensate for this 
wear the spring pressure must be increased by means of the 
adjusting nut. 
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With a system havinsr a variable resistance in the field 
circuit controlled by the main current, if one of the battery 
connections should come loose or one of the wires leading 
to the batteries should break, then the magnet or solenoid 
controlling the resistance in the field circuit would become 
practically ineffective. Suppose, for instance, that only the 
side and tail lamps were turned on. The solenoid would begin 
to cut resistance into the field circuit only when the current 
in the main circuit had attained the normal charging rate, 
and long before this the lamps would be burned out. To 
obviate such trouble a fuse is inserted in the field circuit, 
which, when the generator voltage materially exceeds the nor- 
mal value, burns out and thus protects the system. Hence a 
blown field fuse with this system indicates a loose or broken 
battery connection, and whenever such a fuse is replaced the 
cause of its blowing must be looked for and remedied. 

The result of a loose or broken battery connection is about 
the same in a system employing a magnetic vibrator regulator 
controlled by the main current. In this case the vibrator 
would not operate until a dangerously high voltage had been 
attained. Fortunately, battery connections now are made in 
such a secure manner that the chance of their breaking or 
becoming detached is rather remote. 

Regulators with moving parts must be kept clean and in a 
free-moving condition. The contacts of vibrators must also 
be kept clean and smooth, and in case they should become 
rough they can be dressed up with a fine, smooth file. With 
the latter tjrpe of regulators, arcing at the contact points is 
the most serious source of trouble and some preventive meas- 
ure is applied by almost every maker. The method of mount- 
ing the contacts on reeds arranged at right angles to each 
other has already been referred to. One manufacturer uses 
a contact disk instead of the stationary contact point, which 
he rotates positively so that the point of contact on the disk 
is changed continually. Of course, a condenser may be shunted 
across the vibrator, the same as in an ignition system, but 
we do not know of any case where this has been done. A 
substitute for a condenser, known as a resistance condenser 
and consisting of a spool of fine wire wound doubled up so as 
to make the coil inductionless, is sometimes used. 
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Battery Switches — Charge Indicators 

The armature of a battery charging generator has ex- 
ceedingly little resistance, and if the generator, while at 
rest, were electrically connected to the battery, its arma- 
ture would practically short-circuit the latter. This is 
what actually takes place in a starting motor, and the arma- 
ture current in such a motor attains an exceedingly high 
value for a moment, but the motor immediately begins to 
revolve and generate a back e.m.f., which results in a rapid 
reduction of the armature current. In the case of a gen- 
erator, the gear ratio of its connection to the engine is often 
such that it would not be able to turn if the battery circuit 
were left closed when the engine was stopped, and the re- 
sult would be that the battery would become discharged in a 
very short time, and most likely the generator winding would 
be injured. Therefore, some means must be provided for dis- 
connecting the battery from the generator when the engine is 
stopped. 

Hand Battery Switch — The simplest means consists in a 
hand switch mechanically interconnected with the ignition 
switch in such a way that when ignition is cut off to stop 
the engine the electrical connection between the generator 
and battery is also interrupted. This sort of switch is used 
only in connection with systems in which a single electric 
machine serves both as charging generator and starting motor. 
With a hand switch the battery will not be disconnected from 
the dynamo when, because of an unusual reduction in the 
speed of the latter, its voltage falls below that of the battery. 
In that case the battery will discharge through the dynamo 
and the latter will act as motor, assisting the gasoline engine 
to carry its load. This gives the rather important advantage 
of a practically unstallable engine, which increases the element 
of safety in a gasoline automobile. 

A typical hand battery switch is that of the Ent2 system. 
The switch is of substantial construction and is mounted 
on the dashboard. Its operating parts are enclosed in a cast 
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aluminum housing, from which the switch handle extends 
at the top. It may iirst be pointed out that the Entz system, 
comprises a dynamotor with differential field winding, i.e., 
both a shunt winding and a reverse series winding ; also that, 
as represented in the diagram, a magneto is used for ignition 
and, therefore, when the ignition switch is closed the magneto 
is short-circuited and ignition is "off," whereas when the 
switch is open ignition is "on." The switch has three posi- 
tions, as shown in Fig. 2S6. In the normal running position, 
3, the generator switch is closed and the magneto switch is 
open, so that the ignition system can operate and the battery 
charge; in position 2, or intermediate position, both the gen- 



FiG. 236 — Hand Battery Switch (Ento) 

erator switch and the ignition switch are open, so that no 
current can now flow from the generator to the battery, or 
vic« versa, but the ignition system can operate. In position 
1 the generator switch is open but the magneto switch is 
closed, so that ignition is shut off and the generator is dis- 
connected from the battery. In this, the "off" position, the 
switch handle can be locked by means of a tumbler lock, to 
prevent unauthorized persons from starting the car. Thia 
system offers the advantage over most others that if the 
battery is fully charged the operator can run the car with 
the switch in the intermediate position, in which no current 
is generated and none therefore is wasted in unnecessarily 
beating up the electrolyte. To start the engine, the operator 
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moves the ewitdi lever from position 1 to position 3, and 
ordinarily he leaves it there as long as the engine is running, 
the dynamo beginning to charge the battery as soon as the 
engine has attained a certain epeed. 

Centrifugal Switch — The great majority of lighting and 
starting systems, however, employ an automatic switch to 
"ciit in" the battery when the generator voltage, on increas- 
ing speed, has attained a value high enough to overcome the 
battery voltage and send a charging current into the battery, 
and "cut out" the battery when the generator voltage, on de- 
creasing speed, becomes too low for charging. These auto- 
matic switches act either by centrifugal force or by electro- 
magnetic attraction. One of the simplest of centrifugal 
switches, that used on the Mira, an English system, is illus- 




trated in Fig. 237. The device is in some respects similar to 
a magneto interrupter, being carried on the end of the re- 
 volving armature shaft. Since the parts forming the switch 
revolve with the armature, the current must be carried to 
them by means of a collector ring (or disk) and brush, and 
this part, designated in Fig. 237 by A; is combined with a 
"stationary" contact point. The movable contact is carried 
on a centrifugal weight, B, and is held away from the sta- 
tionary contact by the flat spring, C. The weight being 
pivoted unsymmetrically, when a certain speed of rotation 
is attained the centrifugal force on the weight causes the 
contacts to come together and the battery circuit to be closed. 
Another very simple form of centrifugal switch is the 
Holtzer-Cabot, represented in Fig. 238. It consists of a cylin- 
drical housing. A, made up of three equal sectors insulated 
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from each other. One of these sectors carries a pair of cen- 
trifugal weights, WW, supported on a flat steel spring, S. 
As the housing revolves the weights fly out and make elec- 
trical contact with the two remaining sectors, thus connect- 
ing all three sectors together. A pair of oppositely arranged 
brushes bear on the outside of the cylindrical housing, and 
when the centrifugal weights contact with the sectors the 
current can flow right through from brush to brush, which 
it can not do when the weights are out of contact with the 
sectors. 

A third form of centrifugal switch comprises a regular cen- 
trifugal governor with a sliding sleeve or thimble over the 
end of the armature shaft, the thimble carrying a contact 





Fig. 239 — Mercury Type Centrifugal Switch 



button at the end which is pressed by the centrifugal force 
on the governor weights against a stationary contact button 
in line with the armature shaft. 

Mercury Type Battery Switch — In some instances battery 
switches in which centrifugal force and friction act on a 
quantity of mercury in a revolving cylindrical chamber are 
made use of. One such switch is illustrated in diagram in 
Fig. 239. The cylindrical wall of the mercury chamber con- 
sists of three equal sectors which are insulated from each 
other. Two brushes bear on the outer surface of the cylin- 
drical wall at diametrically opposite points. Evidently, since 
each of the sectors measures less than 120 degrees, no cur- 
rent can normally pass through them from one brush to 
the other. Inside the chamber, which forms a closed vessel, 
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there is a quantity of mercury, which, when the device is at 
rest, lies at the bottom. When the chamber begins to revolve, 
friction between the mercury and the wall of the chamber 
tends to carry the mercury along in the rotary movement, 
while the force of gravity tends to keep it at the bottom. 
The result is that the mercury spreads out over the cylin- 
drical surface until it covers more than one full sector at 
the same time, and then there is an unbroken path for the 
current through the device. At high speed the centrifugal 
force keeps the mercury distributed in an even film or layer 
over the whole internal surface of the chamber. Friction no 
longer plays a part, because the mercury revolves with the 
case without slippage. If now the speed decreases, a point 
will be reached when the centrifugal force is no longer suffi- 
cient to keep the mercury applied against the wall of the 
chamber, so that it falls to the bottom and interrupts the 
circuit. Hence, the closing speed of such a switch depends 
upon the friction between the mercury and the case and the 
opening speed upon the centrifugal force upon the mercury. 
This permits of so constructing the switch that it will not 
open at the same speed at wjiich it closes but at a somewhat 
lower speed, which offers material advantages, as will be 
explained in connection with electromagnetic switches. 

Electromagnetic Battery Switch — Most battery charging 
systems employ an electromagnetic switch to open and close 
the battery circuit at the proper moments. These switches are 
compact, simple and comparatively reliablie in operation. One 
of the reasons for their prevalence is probably that the men 
who design electrical equipment are more familiar with this 
type of mechanism than the others available for the purpose. 
An electromagnetic switch is illustrated partly in diagram, 
in Fig. 240. The electromagnet, A, has both a shunt winding 
and a series winding. It is provided with an armature, B, 
which is normally forced away from the magnet pole by a 
spring, C. As soon as the generator begins to generate, a 
current begins to flow through the shunt or fine wire winding 
of the switch magnet. This current continues to grow as the 
speed of the generator (and with it the voltage) increases, and 
when the voltage is sufficiently high to send a charging cur- 
rent through the battery the electromagnet attracts its arma- 
ture, B, which carries the movable contact, D, and brings the 
latter up against the stationary contact, F, thus closing the 
battery circuit. The path of the charging current can now be 
easily traced out. It will be seen that this current passes 
through the series or heavy wire winding on the switch mag- 
net, thus further strengthening the magnet and holding the 
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switch closed the more firmly. This, however, is only inci- 
dental, the real object of the series coil being to aid in opening 
the switch. 

As the voltage of the generator decreases by reason of a 
decrease in speed, the magnetizing force of the shunt winding 
on the electromagnet varies in direct proportion to the e.m.f. 
When the generator voltage has come down to the same value 
as the battery voltage the switch should open, but the mag- 
netizing force of the shunt winding is then still nearly as 
strong as when charging at the normal rate, and, since it 
does not require nearly as great a magnetic force to hold the 
armature on the core as to draw it there, if only a shunt wind- 
ing were used on the electromagnet the switch might not open 
when the generator voltage fell below the battery voltage. This 
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Fig. 240 — Electro-Magnetic Switch, Partly in Diagraac 



is where the advantage of the series coil comes in. When the 
generator voltage has come down to the value of the battery 
voltage no current flows through the series coil any more, 
hence the latter has lost all of its magnetizing force, and, if 
the generator voltage drops still further, then a reverse cur- 
rent is sent by the battery through the series coil, creating a 
demagnetizing force. This latter will increase in value until 
the effective magnetizing force (the difference between that 
due to the shunt winding and that due to the series winding) 
is so low that the spring forces the armature away from the 
core and opens the switch. 

Fig. 241 shows the Delco cut-out switch, which is of the 
electromagnetic type. A represents the switch contacts (which 
are double) ; B, the cut-out spring ; C, the armature, and D^ 
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the core of the magnet. This cut-out is so adjusted that when 
the points are in contact there is an air gap of about 1/32 
inch between the core and the armature. By means of a 
lever F with ball handle E the driver can close the circuit 
manually and thus use the cut-out also as a starting switch. 

Centrifugal and Magnetic Switches Compared — ^A centrif- 
ugal battery switch differs in its action from an electromag- 
netic one in several ways. With a centrifugal switch, if the 
generator for any reason fails to "pick up," this does not 
matter, for when the proper speed is attained the battery is 
connected to the generator and battery current flows throu^-h 

the field coils, which causes the field 
to immediately assume its full 
strength and starts the generation 
of current without fail — unless the 
machine is in an inoperative condi- 
tion. On the contrary, with an elec- 
tromagnetic switch, if the generator 
fails to pick up there is no current 
to operate the switch and the bat- 
tery will not begin to charge. This, 
of course, can be remedied by clos- 
ing the battery switch by hand, 
whereupon battery current will ex- 
cite the field of the generator. In a 
differentially wound machine, if bat- 
tery current is sent through the field 
coils, the series and shunt fields act 
in the same direction, instead of op- 
posing each other, and the field 
therefore almost instantly attains an 
unusual strength. In this connec- 
tion it may be well to caution the 
operator never to close the battery 
switch by hand when the engine is not running, as battery 
current will hold it closed until the battery is practically 
discharged, which will not be very long. 

Another difference between centrifugal and electromagnetic 
battery switches is that with the former it does not matter 
which way the battery is connected to the generator, pro- 
vided the switch is so designed that it closes at a speed 
slightly below that at which the generator voltage equals the 
battery voltage. Then, immediately upon closing the switch, 
battery current will flow through the generator field coil, and 
if the battery were incorrectly connected the polarity of the 




Fig. 241 — Delco Cut- 
OuT Switch 



BATTERY SWITCHES 



298 



field would be instantly changed and the generator e.m.f . would 
then be in the right direction for charging. 

Electromagnetic switches are always so designed that they 
open the circuit at a somewhat lower speed than that at which 
the circuit ^s closed. If opening and closing speeds were sub- 
stantially alike, then, if the generator happened to be running 
at about this speed for some time, the switch would be con- 
tinually opening and closing, and the resulting arcing would 
be injurious to the contact points. There is a natural tend- 
ency for the switch to open at a lower speed than the closing 
speed, for the reason that it requires much less magnetizing 
force to hold the keeper in position on the core than to draw 
it there from its position of rest. 

Location of Switch — Battery switches operated by centrif- 
ugal force are always located on 
the generator, for obvious rea- 
sons. Switches of the electro- 
magnetic type also are often 
located at the generator, on ac- 
count of the simplicity of the 
outside wiring connections re- 
sulting therefrom. For in- 
stance, in a generator system 
with electromagnetic switch 
and current or voltage regula- 
tion by means of a field resist- 
ance and magnetic vibrator, if 
switch, resistance and vibra- 
tor are located in or on the 
generator housing, only two 
cables need to lead away from 
generator — those leading to bat- 
tery. However, there is one 

reason which sometimes leads designers of electric equip- 
ments to arrange the electromagnetic battery switch for 
connection to the dashboard. Since the battery is charg- 
ing whenever the switch is closed, the switch itself forms 
a charging indicator. The position of the switch, how- 
ever, is not clearly visible from a distance, and for this reason 
it is usually made to actuate some indicating device either in 
the form of a pointer or a sign appearing behind a window in 
the switch housing. A pointer is used in the U. S. L. system, 
as shown in Fig. 242. It is made in the form of a bell crank 
with unequal arms. A setscrew in the end of the switch lever 
presses against the short arm of the bell crank when the 
switch is closed and raises the tip of the pointer to a position 




Fig. 242 — U. S. L. Charging 
Indicator 
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directly behind a small window in the hoDsing. When the 
switch opens the pointer drops back by reason of its weight. 

Charge Indicators — The movable sign type of charging 
indicator is based on exactly the same principle as the pointer 
type. A lever or bell crank actuated by the switch lever, or 
by the magnet core directly, carries two signs. When the 
switch is closed the sign "Charging" appears behind a window 
in the casing and when the switch is open the sign "Off" ap- 
pears there. 

With an indicator thus actuated from the battery switch it is 
not possible to indicate a discharge of current, for the switch 
has only two positions — open and closed. The switch is in- 
serted in the line between the generator and the battery and 
is not affected by any current that may be drawn from the 
battery through a separate circuit. It ia possible, however. 




Fig. 243 — Gray & Davis Chabgino Indicatob 



to arrange a charging indicator so it will indicate both charg- 
ing and discharging currents, and an instrument of this type 
(Fig. 248) is furnished with the Gray & Davis system. It 
comprises a permanent magnet. A, of true horseshoe form, 
which exactly fits into the round casing. Within the horse- 
shoe there is a piece of soft iron, fi, which is surrounded by a 
coil whose ends are brought out to binding posts on the back 
of the instrument. In the space between the poles of magnet, 
A, and the near end of piece, B, is located a light bar, C, of 
soft iron carried on a spindle which also carries the pointer 
moving over the dial plate of the instrument and a small 
spur pinion, D. The latter meshes with another similar 
pinion, E, on a spindle parallel to the first, to which is secured 
a small spiral spring (not shown) which holds the movement 
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in the central or neutral position. Now, suppose that a cur- 
rent is flowing through the coil in such a direction that it 
makes the lower end of piece B a north pole. Then the arma- 
ture tends to set itself in line with this north pole and the 
south pole of the permanent magnet, deflecting the pointer 
and indicating "Charge" or "Discharge," as the case may be. 
When the current flows through the coil in the opposite direc- 
tion it makes the lower end of the soft iroii piece a south pole 
and the soft iron bar then tends to set itself in line with this 
south pole and the north pole of the permanent magnet, thus 
deflecting the pointer in the opposite direction. As shown in 
the second view, the lens of the instrument is divided into two 
fields, one of which is colored. When no current flows the 
pointer is in line with the division between the two fields. 
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Lamps and Fittings 

Law of Illumination — In the case of a free source of light, 
the intensity of illumination varies inversely as the square 
of the distance from the source. This is easily proven as 
follows: Suppose the source of light to be a point at the 
center of a hollow sphere of one foot radius. Then, since every 
point of the interior surface of the sphere is at the same dis- 
tance from the source, the illumination is uniform over the 
whole surface. If we suppose that the source of light is of 
unit power, then the illumination on the inner surface of the 
sphere is of unit intensity. If, now, we surround the source 
of light with a hollow sphere of two feet radius, then the 
luminous flux emitted by it is distributed over an area four 
times as great as in the previous case (since surface area 
varies as the square of the radius) and the illumination of the 
surface is only one-fourth as strong as it was previously. 
Therefore, intensity of illumination varies inversely as the 
square of the distance from the source. 

Unit of Light — The present unit of light is the interna- 
tional candle power which is based on the mean intensity of a 
group of incandescent electric lamps maintained by the U. S. 
Bureau of Standards at Washington. It is very nearly the 
same as the old English candle power. This is the light given 
by a candle made of spermaceti, a wax-like substance obtained 
from whale oil ; the candle is % inch in diameter, burns with 
a flame 1% inches high and consumes 120 grains of spermaceti 
per hour. These candles were used for photometric measure- 
ments for a long time, but were finally given up because their 
luminous intensity varied as much as 30 per cent. The method 
employed in measuring light is based on the law of the varia- 
tion of illumination with the distance from the source and 
upon the fact that a grease spot on a sheet of white paper 
appears light on a dark ground under transmitted light (if 
illuminated from the back) and dark on a light ground under 
reflected light (if illuminated from the front or the side of the 
observer). If the paper is illuminated equally strongly from 
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both sides the grease spot is invisible. Hence, in measuring 
the strength of light the standard and the light to be measured 
are placed at a certain distance from each other on a base, 
with a movable screen in between. On this screen there is a 
central grease spot. The screen is shifted until the grease spot 
on it becomes invisible. The distances between the screen and 
the two lights, respectively, are measured or read off and the 
candle power of the light being measured is then expressed by 
the quotient of the square of the distance between screen and 
light to be measured, by the square of the distance between 
screen and standard candle. 

The apparatus thus described constitutes the simplest form 
of photometer. Many different types of photometer have been 
developed during the past 
two or three decades and 
highly refined for quick and 
accurate work with different 
types of lamps. 

Parabolic Reflector — On an 

automobile it is desirable to 
throw a strong beam of light 
in only one direction, and as 
the power of the lights is 
limited, the rays issuing from 
the source in all directions 
must be reflected in the di- 
rection in which illumination 
is desired. In electric lamps 
this is always accomplished 
by means of parabolic reflec- 
tors. A parabola is a plane 
figure having the peculiarity 

that the distance from any point in its bounding curve 
to a certain point called the focus is equal to the 
distance from the same point in the curve to a line 
called the directrix. In Fig. 244, which shows a parabola, 
F is the focus and OA the directrix. The distance FX is equal 
to the distance XB, and this holds true whereever X may be lo- 
cated on the curve. A parabolic reflector, of course, is a shell 
whose section forms a parabola. 

It can be seen from Fig. 245 that if a luminous source is 
placed at the focus of the parabola all of the rays emanating 
from it which strike the parabola are reflected parallel to the 
axis of the parabola. This is in accordance with the law of 
optics that the angle of incidence is equal to the angle of 
reflection. Theoretically, therefore, we get a parallel beam 




Fig. 244 — Parabola 
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whose section is equal to the opening of the reflector. Also, 
since the rays are parallel, there la no diminution in the iUu- 
minstion with an increase in the distance from the source 
due to spreading or dispersion, as in the case of free light, 
but loss of intensity is caused by absorption of light by the 
atmosphere. In practical work, although the reflector may be 
a perfect paraboloid, the beam of light projected will not be a 
parallel beam, because the source of light is not a point, but 
a surface of considerable area, most of which is at some dis- 
tance from the focus of the reflector. Some enlargement of 
the shaft of light is, of course, desirable, as the road in front 
of the vehicle should be lighted substantially uniformly over 



a width somewhat greater than that of the vehicle, besides 
which it is desirable that a less intense light be thrown on to 

the roadsides. 

The farther the reflector extends in front of the source of 
light the greater the proportion of the total light emitted by 
the source which is caught by the reflector and condensed 
into a shaft. The remaining rays of the source, as indicated 
by dotted lines, are dispersed and furnish roadside illumina- 
tion. Therefore, the efficiency of a parabolic reflector, so far 
as the abaft of light thrown ahead is concerned, is measured 
by the proportion of the solid angle subtended by the surface 
of the reflector at the focus to the solid angle r^resented by 
a whole sphere. 
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Definition of Terms — It has been customary to denote both 
the bulb and the fixture by the term "electric lamp," and, to 
obviate confusion and error due to this double use of the word, 
the Electrical Equipment Division of the S. A. E. Standards 
Committee adopted the following definitions : 

Bulb — The detachable electric light-giving unit comprised 
of a filament and its glass envelope. 

Lamp — The fixture for mounting and utilizing the light of 
the bulb. 

An electric bulb (Fig. 246) consists of a filament of conduct- 
ing material enclosed in a glass bulb from which the air has 
been exhausted. The ends of the filament are connected to 
short lengths of thin wire (the leading in wires) fused into a 





Pig. 246 — Two Types op Automobile Bulbs 



glass stem extending into the bulb at the base end, which in 
turn connect to metal parts on the base of the bulb. Originally 
carbon filaments were used exclusively. These were made from 
some carbonized fibrous material, usually amorphous cellu- 
lose. It may be i)ointed out that the object in exhausting the 
air from the bulb is to prevent combustion bf the filament in 
the oxygen of the air -when it is heated to redness. With no 
air present the filament cannot burn. 

Development of Metal Filament — Carbon filament lamps 
consumed about 8.5 watts per candle power, and great efforts 
were made to reduce the energy consumption, either by im- 
proving the carbon filament or by using filaments of other 
materials, it being realized that the absolute efiiciency of the 
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lamp was very low, by far the greater part of the energy con- 
sumed being converted into heat and only a very small frac- 
tion into light. A great advance in gas lighting had been 
brought about by the introduction of the incandescent gas 
mantle invented by Dr. Auer von Welsbach. This consists of 
a fabric impregnated with certain metallic oxides, which is 
heated to incandescence by the gas flame and gives out more 
light than the gas flame itself would. Dr. Welsbach conceived 
the idea of using these same oxides in electric lamp filaments, 
and produced an osmium filament lamp, which was a consider- 
able improvement over the carbon lamp. Black osmium pow- 
der was mixed with a fluid binder to form a coherent mass, 
which was extruded through a die into a filament of the de- 
sired thickness, and this was then baked in an electric fur- 
nace. Tantalum and tungsten filaments were made by similar 
processes. Later it was found possible to produce metallic 
tungsten in a sufficiently malleable form to draw it into thin 
wires, but owing to its extreme hardness diamond dies had to 
be used instead of the usual steel dies for wire drawing. Most 
o*f the present automobile lamps are tungsten wire filament 
lamps. The larger sizes, such as used for head lamps, consume 
about 1 watt per candle power, while the smaller lamps con- 
sume about ly^ watts per candle power. 

Some of the properties of tungsten lamps were brought out 
in a paper by Henry Schroeder on Electric Bulbs for Auto- 
mobiles read before the Society of Automotive Engineers in 
1916. Tungsten has a very high temperature coefficient and at 
the normal working temperature of the electric bulb the re- 
sistance is 12.5 times as great as when cold. On account of 
the variation in resistance of filaments at different tempera- 
tures, varying voltages do not produce proportional variations 
in current and energy consumption. The greater the increase 
in resistance with increase in voltage, the less will be the in- 
crease in amperes and watts. This gives the tungsten filament 
an inherent advantage over other filaments, such as tantalum, 
metalized carbon and carbon, which latter has even a negative 
temperature coefficient. 

The candle power of a filament is very sensitive to changes 
in voltage, as slight changes in temperature produce great 
changes in candle power. On account of the lesser variation in 
the wattage consumption with voltage changes of the tungsten 
as compared with the other filaments, the tungsten filament 
varies less than other filaments in candle power with varying 
voltage. The characteristics of the tungsten bulb are given 
in Fig. 247, taken from Mr. Schroeder's paper. It will be 
seen that vnth increasing voltage the amperage increases mod- 
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erately, the wattage faster and the candle power still faster, 
while the watts per candle, which is an inverse measure of 
the efikiency, decreases. 

Types of Filaments — ^An important point in automobile 
bulbs is to arrange the filament as compactly as possible so 
that it may approach a point source of light. In a parabolic 
reflector only the rays emanating from the focus are pro- 
jected parallel to the reflector axis. Rays from points out- 
side the focus are dispersed more or less, the more the greater 
the distance of the point from the focus, whereby the efficiency 
of the light is reduced. In a bulb for a non-focusing lamp, 
that is, a side or tail lamp, compactness of the filament is not 




f^C^nicf Volts. 
Fig. 247 — Characteristics of Tungsten Filament 



so essential and the form of filament shown at A in Fig. 248, 
known as the loop back filament, is then generally used. It 
is anchored at the middle to give it a more rigid support and 
thus enable it to better withstand vibration. There are sev- 
eral forms of high candle power bulbs. In one, shown at B, 
the filament forms a single compact coil whose axis coincides 
with the axis of the bulb, with a straight return portion in the 
center of the coil. An even more compact arrangement, con- 
sisting of a double coil, is shown at C The filament shown at 
D consists of a fine coil strung between two supporting wires 
and that at E is arranged in V shape and carried by three 
wires. In still another form, shown in Fig. 246, the filament 
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is strung in zig-zag form between a series of supporting wires 
in a plane perpendicular to the axis of the bulb. 

Nitrogen-Filled Bulbs — Quite recently automobile type 
bulbs have been placed on the market, which, instead of 
being exhausted, are filled with nitrogen gas. Most gases 
react with tungsten at a high temperature, but exhaustive 
experiments showed that nitrogen is inert to tungsten under 
these conditions. Nitrogen-filled bulbs show a much higher 
current economy than vacuum bulbs. In the larger sizes of 
these bulbs for house lighting, etc., an economy of ^/^ watt 
per candle power has been obtained, but the efficiency of the 
small electric bulbs for vehicle lighting is not quite so high. 
Headlight bulbs of the nitrogen-filled tjrpe of 21 candle power 
consume from 15 to 17 watts and bulbs of 24 candle power 
from 18 to 21 watts, making an average economy of about % 
watt per candle power. Some of the chief characteristics of 
nitrogen-filled bulbs, as compared with ordinary tungsten 




Fig. 24S — Types op Filament 



lamps, are as follows: The light is much whiter and ap- 
proaches daylight much closer. The brilliancy of the fila- 
ment is much greater, hence a filament producing a given 
total radiation of light is much more compact, and such a 
bulb, therefore, is much better suited to headlights. Fur- 
thermore, the characteristics of the nitrogen-filled bulb are 
more nearly constant throughout its life, that is, its candle 
power falls off less with age than that of regular tungsten 
bulbs. It is also claimed to have a much greater life. 

Lamp Voltage — For several years after electric lighting 
was first introduced 6 volts was the common voltage. It was 
adopted partly because it was the standard ignition voltage, 
hence current for ignition and lighting could be taken from 
the same battery ; and partly because the lower the voltage of 
a lamp of given type and candle power the greater the me- 
chanical rigidity of the filaments. There is still one more 
advantage in a low voltage system, and that is, that for a given 
battery capacity the battery weighs less the lower the voltage 
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and hence the smaller the number of cells employed. For in- 
stance, a 6-volt, 720-watt-hour battery of a certain make 
weighs 68 lbs. and an 18-volt battery of the same capacity 90 
lbs. The chief disadvantage of such a low voltage is in con- 
nection with the starting motor. The current drawn by the 
latter on 6-volt systems attains enormous values, and unless 
exceedingly heavy cables are used there is a great loss of volt- 
age in the conductors. To obviate this difficulty, multi-voltage 
systems were much used in former years. Either six, nine or 
twelve cells were employed, which were connectd all in series 
for starting and in two or more parallel groups for charging 
and lighting. This necessitated a rather complicated wiring 
and switching system, and it is now rarely used. On the other 
hand, it has been found possible to make bulbs for 12 volts 
which will show a satisfactory life, and a certain number of 
straight 12-volt systems have been developed. Twelve volts 
is the standard abroad, notwithstanding the fact that start- 
ing motors are seldom operated from the lighting batteries 
there. There are, therefore, at present two common voltages, 
viz., 6 and 12, though the former is used much more ex- 
tensively. In the S. A. E. paper on Electric Bulbs already re- 
ferred to it was stated that in 1915 eight million bulbs for 
three cell (6 volt) and one and a half million for six cell (12 
volt) systems were used in the United States, and since then 
the 6-volt system has made further gains. 

Candle Powers^ Life and EflSciency of Bulbs — Bulbs for 
head lamps are made in 15 to 24 candle powers and bulbs for 
side and tail lamps in 2, 4 and 6 candle powers. Bulbs vary 
in size according to the candle power, but the bases of all are 
alike. All bulbs for outside lamps are spherical in shape, and 
the center of the filament coincides substantially with the 
center of the bulb, the filament in the larger bulbs being placed 
at a considerable distance from the base, in order that the 
latter may not shut out too great a proportion of the light 
emitted. Of course, no great accuracy can be maintained in 
locating the filament in the bulb, and it is for this reason 
that focusing means must be provided. It has been held that, 
so far as the projected beam is concerned, there is little ad- 
vantage in using bulbs of more than 15 candle power with the 
sizes of reflectors permissible on automobiles, for the reason 
that with larger bulbs a great part of the filament is at such 
a distance from the focus that the rays from it when reflected 
add only to the roadside illumination directly in front of the 
car. This, however, may not apply to the new types of con- 
centrated filament bulbs. 

As regards the efliciency of the bulbs, it can be increased by 
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increasing the voltage applied to the lamps. A slight increase 
in voltage over that for which the bulb is designed will result 
in a material increase in the light given out — a much greater 
proportional increase than the increase in energy consump- 
tion. But the life of the bulb is reduced thereby, and what 
is gained in current economy is lost in the wastage of lamps. 
When the bulbs are operated at their rated voltage a good 
balance is usually obtained between current economy and bulb 
life. The life of coil filament tungsten bulbs of 15 c. p. varies 
from 100 to 300 hours of burning. The following table, 
taken from Schroeder's paper mentioned above, gives the bulb 
characteristics with a fully charged and fully discharged 
battery. 

Per Cent Per Cent Per Cent Per Cent Per Cent 

Battery Normal Normal Normal Normal Normal 

Condition Volts Amperes Watts C.P. W.P.C. 

Fully discharged 

(1.8 volts per 

cell) 68 79 54 28 238 

Fully charged 

(2.6 volts per 

cell) 120 111 133 190 70 

Mean Spherical Candle Power — It can readily be seen that 
owing to the different views obtained of the filament, accord- 
ing to the angle from which it is looked at, the light radiation 
varies with the direction. With a plain loop filament, for in- 
stance, the radiation of light is different in a direction per- 
pendicular to the plane of the loop than in a direction parallel 
thereto. Therefore, if a single test for candle power were 
made, the result would depend upon the angular position of the 
filament relative to the photometer. The real criterion of 
the luminous power of a lamp is the mean of the candle powers 
shown in all x>ossible directions, which is known as the mean 
spherical candle power. This is obtained by means of a 
special photometer. In order to obtain the mean intensity in 
a plane perpendicular to the axis of the bulb, the latter is rap- 
idly rotated around the axis while in the photometer. To get 
the mean in a plane perpendicular to the former plane, the 
axis of the bulb is tilted against the axis of the photometer at 
different angles varying by steps of 10 degrees. A test is 
made for each position and the mean of all the readings is 
then taken. Observations need be taken only over a half 
circle, because the readings over the other half circle would 
give a diagram S3mimetrical to the first. A polar diagram of 
light distribution in a plane through the bulb axis is shown 
in Fig. 249 and it will be seen from this that the radiation is 



LAMPS AND FITTINGS 806 

Btrongeet in a direction deviating about 15 degrees from the 
axis of the bulb opposite to the bulb base. A simpler method 
of determining candle power is to take measurements only in 
a plane perpendicular to the bulb axis, and the average of 
these readings is known as the mean horizontal candle power. 
Bulb manufacturers prefer to rate their bulbs by the current 
consumed rather than by the candle power, which is a purely 
nominal value. 
l^pes of Lamps Used — It was formerly the custom to carry 
five outside lights on an 
automobile, viz., two head- 
lights to illuminate the 
road ahead, two side lights 
to serve as signal lights 
outlining the width of the 
vehicle, and a tail light. 
The side lights also add to 
the illumination of the 
) roadside close to the ve- 

I hide and take the place of 

i the headlights when little 

 J forward illumination is 

y required, as when the car 

( stands by the curb. Since 

^ the introduction of elec- 

tric lighting, separate side 
lamps have been dis- 
carded. Now side lamps 
are combined with the 
head lamps or none are 
carried. However, with 
the advent of electric 
lighting additional lamps 
have come into general 
use. Thus a dash lamp is 
now generally fitted to 
permit of reading at night 
the instruments mounted on the dashboard. Closed vehicles 
are provided with dome lights or special comer lights, and 
in some instances step lamps have been fitted under a trans- 
lucent step, which are automatically lighted up when the 
door to the rear compartment is opened. 

Forms of Sockets — There are essentially two types of in- 
candescent lamp bases and sockets therefor. The first is the 
screw socket, which is familiar to every one through its almost 
universal use in lamps for interior illumination. It is rarely 
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used for automobile ligrhting. The second is the bayonet socket^ 
which is commonly used for automobile lamps. The bayonet 
lamp base consists of a metal shell with two short oppositely 
located pins projecting therefrom radially. There are two cor« 
responding slots in the shell of the socket, these extending 
lengthwise for about % inch, then circumferentially for a 
short distance and then lengthwise again in a reverse direc- 
tion, thus forming a sort of hook. 

Lamp sockets, connector plugs and bulb bases are also made 
in two types according to the system of wiring used, the 
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Figs. 250-51 — S. A. E. Standard Bulb Bases, Sockets and 
Connector Plugs for Ground Return and Insulated Return 

Systems 



ground return or single wire system and the insulated return 
or two-wire system. Bulbs, sockets, etc., used in connection 
with the former are known as single contact and those used 
in connection with the latter as double contact. Bulb bases, 
plug ends and sockets have been standardized by the Society 
of Automotive Engineers and the two types are shown in Figs. 
250 and 251 respectively. There are two insulated contact 
points on the base of bulbs intended for the two wire system, 
but there is only a single central insulated contact point in the 
base of bulbs intended for the ground return system of wir- 
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ing. It will be understood that in the "two wire" lamp the 
ends of the filament are in electric connection with the two 
contact points, respectively, the filament being insulated from 
the metal portions of the base, while in the "ground return" 
lamp one end of the filament is connected to the central con- 
tact point aud the other to the shell of the base. 

Every lamp requires these three fittings — a socket secured 
in the lamp shell, a bulb base entering the socket at the in- 
side of the lamp shell and a connector plug connecting to it 
at the outside. 

Construction of Socket — The construction of the socket is 
clearly shown in Fig. 252. Inside the metal shell is fastened 
a plug of hard rubber. Two longitudinal holes are drilled 
through this plug and in each is clamped a hollow brass pin 
with a cap nut. In the bead of the pin and in the nut the holes 



FiQ. 252 — Section Through Socket 

are somewhat reduced and through these reduced holes ^- 
tend the shanks of two brass pins with a coiled steel wire 
spring between them pressing them outwardly. In forcing the 
bulb down into position the pins are pressed part way into 
the plug, and when the bulb is then rotated to bring it Into 
the locked position the pins press against the metal contact 
plates on the bulb base. 

The construction of a "ground return" socket Is the same 
accept that there is only one spring-pressed contact pin, which 
is located centrally in the socket. On returning, the current 
passes from the shell of the bulb base to the shell of the 
socket, which is grounded. 

Connector Plugs — In making connection to a lamp socket, 
use is made of a connector plug, as illustrated in Fig. 253. 
This fastens Into the bottom of the socket in the same way as 
the bulb fastens into the top thereof. It consists merely of a 
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Fig. 263 — Section Through Connector Plug 

hard rubber plug into which are secured two short brass rods 
which are flush with the rubber at the top end but extend 
slightly beyond the rubber at the bottom end, where they are 
drilled and counterbored to receive the ends of the conne^cting 
wires. Brass set screws sunk into the rubber firmly hold the 
wires in place. A threaded hard rubber cap screws over the 
threaded lower end of the connector plug, the wires leading 
out through a central hole in this cap. 

A single wire csible terminal, as used for Bosch head lamps, 
is shown in Fig. 254. After the insulation has been peeled off 
the end of the cable, a short length of brass tube is slipped 
over the end of the insulation and is fixed against lengthwise 
motion by forming two circumferential depressions in it, as 
shown. Then a gland nut is slipped over the cable and a cap 
is applied to the end of same, which latter consists of two 
brass parts insulated from each other, but clamped together 
by an inner thin brass tube expanded at both ends — ^viz., a 
ferrule, against the outer face of which the individual wires 
of the cable are applied, and a gland with two keys on it 
which engage in keyways in the fixture so as to keep the cap 
and cable from turning when the gland nut is screwed up. 
The lower portion of the gland is split and its end tapered to 
correspond to the tapering bottom of the counterbore in the 
gland nut, the arrangement evidently being intended to act 
as a lock for the gland nut. 

Metallic Reflectors — Parabolic reflectors, if they are metal- 
lic, are generally made of drawn brass or copper, but some- 
times of cast aluminum. The interior surface is heavily 
plated with nickel or silver and is then carefully burnished. 
The lamp front or door, containing the glass, must make an 




Fig. 254 — Single Wire Type op Connector (Bosch) 
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air-tight join\. so as to exclude dust and moisture and pre- 
vent circulation of air. This is necessary in order to prevent 
tarnishing of the highly burnished reflector surface and re- 
sulting decrease in the efficiency of the reflector. In order 
to get the best illuminating effect the center of the filament 
must coincide with the focus of the reflector, and, since dif- 
ferent bulbs may vary slightly in their dimensions, it is 
necessary to provide adjusting means for the bulb. In the 
Gray & Davis headlight these take the form shov^n in Fig. 255. 
The socket is secured in place by a clamp screw and when 





Fig. 255 — Metal Reflector 
Lamp 



Fig. 256 — Glass Mirror 
Reflector Lamp 



this is loosened the lamp can be moved back and forth at will, 
after the lamp door has been removed. Adjustment can be 
properly made only by noting the effect on the road, and 
the best place to focus a lamp is on a dark road. The proper 
way is to focus the reflected light into a small ray or pencil 
beam, then properly align this ray with the road by resetting 
the lamp brackets, making sure that the car stands parallel 
with the road. Then adjust the bulb so as to give the de- 
gree of dispersion of light desired. 

Glass Reflectors — Glass mirror reflectors are also used 
for automobile headlights. These are generally of the so- 
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called "golden glow'' tyj^e, which are made of a special glass 
having a greenish golden color. The light reflected by this 
lens is of a golden hue and is claimed to penetrate a foggy 
atmosphere to a much greater distance than a white or 
violet light. The back of the reflector is "silvered" in the 
same way as a mirror. The source of light, of course, sends 
out rays of all colors; but since the reflection takes place at 
the "silvered" surface at the back of the reflector, the re- 
flected light must pass through the glasis, and in doing so the 
violet and blue rays are absorbed, while the yellow rays are 
reflected. 

Also, it is a well known fact that when light rays pass 
from one medium into another they are broken or refracted, 
as is most easily illustrated by holding a rod part way in 
water, when it will seem to be broken at the surface of the 
water. Since the light rays pass from the air into the glass 
and after reflection from the glass into the air, refraction 
plays a part in determining the direction of the reflected rays. 
For this reason the outside of the glass reflector usually 
has a section other than a parabola and is not parallel to the 
inner surface. One advantage of glass reflectors is that they 
never tarnish and never need to be polished. 

In Fig. 256 is illustrated the Esterline head lamp, which 
has a "golden glow" type glass reflector. The reflector is 
clamped in two stamped metal rings which are held together 
by screws, with a felt packing between the rings and between 
the bearing part of the rear ring and the reflector. The front 
glass of the lamp is retained by tempered steel springs 
snapped into place and the complete front cover is held in 
place by two concealed latches held on by thumb screws. 
The cover makes continuous contact with the gasket above 
referred to, thus sealing the lamp. 

Attention may be called to the focusing device, which is 
operated by a thumb wheel at the back of the lamp. This 
wheel operates a screw in a threaded lug fastened to the 
lamp socket, which latter is adapted to slide in openings in 
the center of the reflector and in a plate brazed into the back 
of the housing, respectively. An attachment plug is fastened 
into the bottom of the housing and connects by an inside 
cable to the socket. 

Importance of Accurate Focusing — The subject of properly 
focusing the bulb in the reflector has been dealt with by G. 
L. Sealey of the Engineering Department of the National 
Lamp Works of the General Electric Co. Mr. Sealey recom- 
mends a method somewhat diflferent from that outlined in the 
foregoing. 
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When automobile headlamps are properly focused, the cen- 
ter of the filament of the incandescent lamp coincides wUh 
the focal point of the reflector. When this condition is at- 
tained, the resultant beam is concentrated, dark spots are 
eliminated, objectionable stray light is diminished and the 
greatest amount of useful light is obtained. The sketch, 
Fig. 257, shows simply how the light is distributed by a 
parabolic reflector f or^ three positions of a point light source. 
A', A', are parallel beams distributed when the point source 
is at the focus, while B', B', and C, C, are the beams dis- 



Fig. 257 — Reflection op Out-op-Focus Rayb 

• 

tributed when the point source is, respectively, back of and 
in front of the f oc'us. Although the filament of an incandes- 
cent lamp is not exactly a point source, the concentrated fila- 
ment of a mazda C lamp acts in the same general way as a 
theoretical point source. When the incandescent lamp is at 
the focus of a parabolic reflector, a beam of small diameter is 
directed forward which, when intercepted perpendicularly by 
a large card or paper, will give a light spot (Fig. 258). When 
the incandescent lamp is in front of or back of the focus, the 
light spot on the card will be as shown in Fig. 259. 
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An ideal location for focusing headlamps is a straight 
roadway having at least 75 ft. between the car and the side 
of a garage, or other surface vertical to the road, on which is 
drawn a line or mark 42 in. above the road level. When such 
a spot is found, the car should be placed so as to have the 
headlamps facing the side of the garage and projecting the 
light upon it. The relative position of the filament and focal 
point of the reiiector should then be changed by moving the 
incandescent lamp (by means of the socket adjustment) for- 
ward or backward until the light spot of smallest diameter, 
or greatest concentration, is secured, as shown in Fig. 258. 
This operation should be performed on one headlamp at a 
time so as to be certain that each headlamp is correctly 
focused. 



Fig. 258 — C o n c e n- 
TRATED Light Spot In- 
dicating Proper Focus 

Types of Focusing Devices — The four principal types of 

automobile headlamp focusing devices, or socket adjustments, 
are: (1) rim, (2) external, (3) bulb, (4) rear. In the rim 
type of adjustment the incandescent lamp is moved forward 
or backward by turning a screw placed on the rim of the re- 
flector, and in the external type of adjustment this adjusting 
screw is placed to the rear of the lamp housing. In the bulb 
type, adjustment is accomplished by twisting or turning the 
incandescent lamp bulb. It is necessary to remove the re- 
flector from the headlamp, and to loosen a screw or other 
means of holding the lamp in position at the rear of the re- 
flector before adjustment can be made with the rear type. 
The latter two devices are not considered satisfactory since 
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they necessitate the direct handling: of the incandescent lamp 
or the dismantling of the headlamp in order to secure the de- 
sired result. 

When the filament has been brought to the proper position 
with reference to the focal point of the reflector, that is, when 
the lamp has been properly focused, the height of the main 
beam of light above the level of the roadway should be care- 
fully observed. Most state laws require that at 75 ft. in front 
of the car the main beam of light shall rise not more than 
42 in. above the level of the roadway under any condition of 
loading. By carefully observing the line, or mark, on the side 
of the garage and the beam of light obtained from the head- 
lamps this law may be complied with. It is often necessary 
to tilt the headlamps slightly by bending the supports in 
order to accomplish the desired result. 

Care of Metal Reflectors — ^Reflectors may get dimmer with 
age, owing either to the reflector surface becoming dirty or 
becoming dulled or tarnished. Owing to the fact that the 
silvered surface is very easily scratched, it must not be 
wiped with a cloth. Any dirt should be washed out with 
a low-pressure jet of cold water and the reflector allowed 
to dry by evaporation in the atmosphere. If the silvered 
surface becomes tarnished it may be polished by means of 
crocus or jeweler's rouge, which is applied with a chamois 
cloth. The latter should be specially soft and should be so 
handled that no wrinkles can form in it. This is best ac- 
complished by stretching the chamois over a wad of cotton 
waste. In polishing, the cloth should be moved in circles 
concentric with the axis of the reflector. Any other motion 
will make any scratches that may be formed on the polished 
surface stand out very conspicuously. 

Mounting of Head Lamps — Head lamps, as a rule, are 
mounted on brackets secured to the frame side members in 
front of the radiator. The lamps should preferably be placed 
comparatively high, as otherwise any objects in the road or 
protuberances of the road surface throw exceedingly long 
shadows which give the driver the impression as if the 
roadway were full of holes. This makes the brackets quite 
long, and to prevent trouble from vibration a tie rod is often 
interposed between the two lamps. When no side lamps are 
used, and the head lamps also serve the purpose of indicat- 
ing the width of the car to oncoming traffic, it is well to place 
them farther out to the sides than over the front spring 
horns, and a tendency in that direction has been noticeable 
in recent years. Thus the head-lamp brackets now are some- 
times forged integral with the fender irons or secured to the 
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sides of the radiator housing, while in a number of cars the 
lamps are built together with the front fender, which places 
them in what is perhaps the best position from the stand- 
point of oncoming traffic, and, besides, entirely eliminates 
lamp brackets. Generally the head lamps are inclined slightly 
downward, so that the shaft of light strikes the roadway 
about a hundred feet ahead of the car. At this point the 
beams have increased to such a diameter that the beams from 
the two lamps overlap, and there is no diminution in the in- 
tensity of illumination at the center of the path followed by 
the car. In fact, the intensity of illumination is likely to 
be greatest near the center and to decrease toward both sides, 
as shown by the diagram, Fig. 260. It will be seen that 
in this diagram the intensity of illumination is expressed 
in "apparent candlepower," a term which it may be well to 
explain. Photometric measurements were made at a distance 
of fifty feet from the head lamps. The intensities shown by 
the curve were obtained by applying the rule of the inverse 
squares of distances when the photometer showed equal in- 
tensity of illumination on the screen. But since the intensity 
of a projected beam does not vary strictly in inverse proi>or- 
tion to the square of the distance, the indicated candlepower 
is called "apparent." The "apparent candlepower" has a 
definite meaning only if the distance from the source at which 
observations were taken is stated. In Fig. 260 the dotted 
curves show the illumination from the single lamps and the 
full line curve the resultant illumination. It is well to so 
adjust the head lamps or their brackets that there is no appre- 
ciable diminution in the intensity of illumination at the center 
of the path where the beam strikes the roadway. 

In a few cases, single headlights have been used, built 
into the radiator. This construction tends toward greater 
smoothness of outline of the car and toward current economy, 
but it necessitates the use of separate sidelights, as most 
state laws require "at least two lamps throwing a white light 
ahead." On cars and trucks used for commercial purposes 
in the city a single spot light is sometimes carried back of 
the windshield on an adjustable bracket, similar to search- 
light brackets used on motor boats. 

For the sake of neatness the connecting cables are some- 
times carried into the lamp through the lamp bracket, so that 
they are invisible. Such concealed connections not only im- 
prove the appearance of the lamp and of the car as a whole, 
but facilitate cleaning of the lamps. Another improvement 
along the same liiie, tending to smoothen the contour of the 
lamp, is the combination of the supporting lug with the door 
hinge. 
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Tail Lights — Most of the state laws require that tail lighte 
must throw a red light to the rear, and these lights there- 
fore are generally provided with a red leos or glass, while 
some tail lamps consist of a spherical shell of ruby glass with 
a window of clear glass which throws a white light on the 
rear number plate. In connection with the tail light it is 
worthy of note that several state laws forbid arrangements 
^hereby the light can be controlled from the driver's seat. Of 
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course, it ia permissible to have a switch convenient to the 
driver's seat whereby all of the lights can be turned on or off 
Bimultaneoualy, but the tail light must not bS^ extinguish able 
separately by such a switch, A difficulty that has been ex- 
perienced, mainly abroad, is that motorists have been sum- 
moned to court for driving at night with their tail light out 
when they believed it was burning. This may be caused either 
by a broken filament or some defect in the wiring. To guard 
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agrainst this eventuality some concerns connect a lamp on the 
dash in series with the tail lamp, using, for instance, two 
six-volt lamps on a twelve-volt circuit. Then, if the tail light 
fails for any reason, the other light also goea out and thus 
warns the driver. Some tail lights are made with two side 
glasses, one throwing a light on the number plate as required 
by law, and the other illuminating the roadside in such a 
manner that the operator can see whether it is burning. This 
arrangement fits in particularly with the now common practice 
of left drive. 

Spot Lamps and Inspection Lamps — Spot lamps are small 
projectors which are supported on a bracket secured to the 
windshield of in some other position where they can be readily 
reached by the driver. They give an intense beam of light and 




can be turned in any direction, consequently they can be used 
to advantage for reading road signs, house numbers, etc., or 
lighting up any object not in the direct path of the car. In- 
spection lamps are small lamps provided with a metal guard 
and a length of cord or cable, which can be used for locating 
trouble anywhere on the car in the dark. As a rule, neither a 
spot light nor a trouble lamp is part of the regular equipment 
of a car, but some manufacturers make provision for their 
use in laying out their wiring systems, providing a convenient 
point of attachment. Recently a number of combined cowl 
and inspection lamps have been brought out. 

Objectionable Glare — Even when acetylene head lamps 
were still commonly used on automobiles there was consider- 
able objection to their blinding glare, and many drivers in 
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tbe big cities then pasted translucent paper on the back of 
the lenses or glasses, or gave the lenses a coating of paint, 
except for a small central circle. When the still more power- 
ful electric headlights became popular, so much annoyance 
was caused to pedestrians and drivers that several municipal- 
ities took action in the matter. One of the first cities to 
prohibit the use of glaring headlights in its streets was Chi- 
cago, whose ordinance provides in substance that ''it shall be 
unlawful for any person operating an automobile to use a 
bright headlight, unless such headlight be properly shaded so 
as not to blind or dazzle other users of the highway." The 
New York City ordinance contains practically the same pro- 
vision. The city of Cleveland has adopted an ordinance pro- 
viding that at a distance of seventy-five feet or more ahead of 
the vehicle none of the reflected light from a headlight must 
be visible more than three feet above the roadway. A similar 
law is in force in the State of New Jersey. 

This principle of limiting the maximum height of the shaft 
of light works all right on level ground, but it is ineffective 
when a car approaches the crest of a hill, which is one of the 
critical conditions in night driving. In such a case it would 
certainly be better if the driver had some means at his com- 
mand for instantly reducing the intensity of the projected 
beam. 

Cause of Glare — It would thus appear that the problem 
can be solved in two essentially different ways. Either the 
light must be dimmed as a whole or else it must be tilted or 
shaded in such a manner that none of its reflected rays can 
rise beyond a certain height. In this connection it may be 
well to explain what is meant by "glare," the term most fre- 
quently used to express the blinding effect of powerful head- 
lights. Perhaps the best definition yet given is the following : 
"A glaring light is one which interferes with the acuteness 
of vision of adjacent objects." Glare is due chiefly to the ultra 
violet rays of the spectrum. It has therefore been proposed 
to use an amber colored lens or front glass on head lamps, 
which absorbs the ultra violet and blue rays and transmits 
only red, orange, yellow and green rays. This special glass 
used for the purpose transmits the red and other rays with 
very little absorption, hence the total radiation is not ma- 
terially reduced. Another fact to be taken into account is 
that the red rays penetrate farthest through a misty or foggy 
atmosphere, as is shown by the fact that the sun when rising 
or setting always appears red. Hence the penetration of the 
beam of the headlight is not much, if any, diminished by the 
amber glass. 
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Dimming Devices — An early method of dimming electric 
headlights consisted in reducing the voltage applied to them, 
either by connecting the two lights in series across the battery 
or by introducing a resistance in the circuit. Connecting the 
lights in series is advantageous on account of the current 
economy resulting therefrom. There la one objection to it, 
however, namely, that in case one filament breaks both lamps 
will go out instantly and the driver therefore will be en- 
veloped in more or less darkness. This, however, is a less 
serious matter in city driving than it would be in country 
driving, because of the street lighting. 

By using two bulbs in the headlights, a larger one in focus 
and a smaller one out of focus, as shown in Fig. 262, both an 
intense light for country driving and a subdued, non-glaring' 
light for city driving can be obtained from a single lamp 




Fig. 262 — Double Bulb Lamp Fio. 263 — Pabtly Frosted Lens 



without any shading device and without waste of current. 
This arrangement gives the car the equipment of both head 
and side lights, reducing the side lamps to the small bulbs. 

Control of Illumination — When the demand for glare con- 
trol first became acute, various mechanical devices, involving 
shades and shutters of translucent material, were placed on 
the market, but these never came into extensive use, partly on 
account of mechanical weaknesses and partly because, while ef- 
fectively eliminating glare, they cut down the road illumina- 
tion too much. Another suggestion was to cover that portion 
of the bulb around the tip with a shield, so as to cut off the 
direct rays from the filament. This was evidently based on a 
misconception of the problems involved. It was the Lighting 
Division of the S. A, E. Standards Committee which first 
formulated the postulate that in order to obtain satisfactory 
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ro&d illumination on a level road no strong beams of light 
must be higher than 42 inches above the road surface at a 
distance of 75 feet or more ahead of the car. Thi^ led re- 
search and development into new channels. It was realized 
that the amount of light thrown upon the road must not be 
reduced any more than absolutely necessary and from this 
point on the endeavor was to restrict the field of intense 
lighting rather than to reduce the total radiation of light. 

In connection with the directions for focusing head lamp 
bulbs it was brought out that beams from that part of the 
filament ahead of the focus, when reflected, approach the axis 




Fig. 264 — Hemispherical Reflector or Intensifier Over Bulb 



of the reflector and may cross it. Thus, if the bulb is placed 
forward of the focus, the lower half of the reflector will throw 
the light upward, whereas the upper half will throw it down- 
ward. Similarly, if the bulb is placed back of the focus, the 
lower half of the reflector will throw the light downward and 
the upper half will throw it upward. This led to the develop- 
ment of methods for cutting off the reflection from one-half 
of the reflector and then regulating the direction of the 
light by adjusting the bulb so the filament was out of focus. 

Intensifying Hemispherical Reflector — One method of 
cutting off light from one-half of the lamp reflector consists 
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in placing a small hemispherical reflector either beneath or 
above the filament. If it is absolutely concentric with the 
center of the filament it will reflect any light falling upon it 
back upon the filament and thus intensify the source of 
light. All of the light emitted by the source, with the excep- 
tion of the small amount absorbed by the hemispherical re- 
flector, will therefore either fall upon the top half of the lamp 
reflector or pass directly through the front lens. Therefore, 
if the bulb is adjusted forward of the focus a very strong 
beam will be thrown on the road at a considerable distance 
ahead. The chief objection to such an under-mounted in- 
tensifier is that it cuts off direct radiation onto the road imme- 
diately ahead of the car. There is, of course, also, direct ra- 
diation from the bulb and reflected light from the hemi- 
spherical reflector in an upward direction through the lens, 
but this is rather too close to the car to be of harm. 




Fig. 265 — Halves of Reflector Displaced 



By placing the hemispherical reflector over the bulb and 
placing the latter back of the focus these objections are over- 
come. The upper half of the lamp reflector does not receive 
any light, and the lower half, which receives the intensified 
radiation, throws it downward onto the road. Direct rays from 
the filament and the hemispherical reflector illuminate the road 
immediately in front of the car. Of course, the filament being 
out of focus, the light is somewhat dispersed and not as in- 
tense a beam is obtained as without controlling device and the 
bulb correctly focused. 

Halves of Reflector Displaced — Another idea along the 
same line is to displace the top half of the parabolic reflector 
with respect to the bottom half. The top half may be so placed 
that the rear end of the filament is in its focus and the bottom 
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half 80 the forward end of the filament ia in its focus. Then 
practically all of the filament is ahead of the focus of the top 
half, and the light will be reflected by this half in a down- 
ward direction. Similarly practically all of the filament will 
be to the rear of the focus of the lower half, and the light will 
be reflected from this half also downwardly. Hence the beams 
from the two halves of the reflector will intensify each other. 

Prismatic Lenses — During 1914 and 1916 many special 
lenses for head lamps were placed on the market, partly in re- 
sponse to legislation in several states calling for the elimina- 
tion of headlight glare. The Osgood (Fig. 266) is a plain lens 
with prismatic formations on the inside. These prisms refract 
the light downward onto the road. The extreme lower portion 
of the lens is plane, so as 
not to interfere with direct 
radiation from the bulb 
onto the road directly in 
front of the car, and a seg- 
ment next to this plane one 
has a very slight prismatic 
formation. 

The McKee lens, which is 
molded of amber-colored 
glass, has prismatic forma- 
tions on the outside cover- 
ing about two-thirds of the 
surface of the lens, while on 
the upper part there are 
pronounced up-and-down 
prisms which scatter the 
light falling upon this part 
of the lens, the object being 
to light up the sides of the 
road immediately ahead of the car and at the same time break 
up the upwardly directed parts of the projected beam. 

Another plan which has been applied, but which seems to 
possess little merit, is to provide slats with reflecting surfaces 
of such width and so inclined that a small portion of the 
horizontal rays from the reflector pass through between the 
slats while virtually all the upwardly directed rays and most 
of the others are intercepted by the slats and turned down- 
ward or absorbed.. It is fairly evident that this device makes 
it impossible to get strong road illumination at a considerable 
distance, as most of the rays deflected by the slats strike the 
road not far ahead of the car. 

From the above it will be seen that there are two classes of 
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devices intended to obviate annoying glare — ^the dimmers 
which are controlled from the driver's seat and those devices 
(mainly special lenses) which modify the beam of light given 
out and are permanent in their effect and beyond the control 
of the driver. Legislation favors these latter devices. All of 
these reduce the intensity of road illumination. 

Illumination and Glare Tests — In order to determine the 
intensity of illumination necessary to reveal to an automobile 
driver on a dark night the presence in the road of a pedestrian 
in dark clothes at 150 ft. and 250 ft. respectively, and also 
the maximum glare which is considered tolerable by different 
persons, a series of tests were made in New York on the 
evening of March 5, 1918, under the auspices of the Illuminat- 
ing Engineering Society and the Society of Automotive En- 
gineers. About fifty observers served in these tests. In the 
results published the intensity of illumination is expressed in 
foot-candles, that is, the intensity of the source in apparent 
candle powers, divided by the square of the distance from the 
source in feet. The results arrived at by different observers 
varied enormously. The averages of all observations were as 
follows. To see a man •in dark clothing at 150 ft. requires 
8200 c.p. or 0.142 ft.-c. ; to see a man in dark clothing at 250 
ft. requires 6980 c.p. or 0.112 ft.-c.; the maximum glare per- 
missible at a distance of 100 ft. corresponds to 239 c.p. or 0.024 
ft.-c. The ranges of observation under the different headings 
were as follows : Visibility at 150 ft., 1000-10,000 c.p., 0.0445- 
0.445 ft-c.; visibility at 250 ft., 1300-18,300 c.p., 0.021-0.293 
ft.-<j.; tolerable glare at 100 ft., 80-850 c.p., 0.008-0.085 ft.-c. 
These tests were made to form a basis for a New York State 
vehicle lighting law* 
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Starting Motors 

As has been stated previously, every direct cnrrent elec- 
tric generator will act as an electric motor when current from 
an outside source is sent through its field and armature. 
While the principle of the machine as regards its generator 
action has already been explained, it will not be amiss to 
explain its action as a motor. 

Principle of Action — Consider a two pole electro magnet 
whose poles are designated in Fig. 267 by N and S. Between 
theae poles is located a coil which is carried on a shaft so as 
to be capable of rotation around its axis. When current is sent 
through the coil a magnetic north pole is formed, say, at 
N', and a south pole at S'. In accordance with the law of 
magnetic attraction the coil then will rotate in the direction 
indicated by the arrow until the magnetic axis of the coil 
coincides with the magnetic axis of the field. Then, obviously, 
there can be no further motion. But by using two coils at 
right angles to each other with their four leads brought out 
to a four section commutator, as shown in Fig. 268, we can 
get continuous rotation. In the position shown current flows 
through the coil lying in a horizontal plane, and since the 
magnetic axis of this coil is at right angles to the magnetic 
lines of the field, a torque will be exerted on the coil and it 
will begin to rotate. After it has rotated through 45 degrees 
from the position shown in the cut, the commutator brushes 
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pass from one set of segments to the other, and the other 
coil then becomes energized. In this way the magnetic axis 
of the armature is switched back 90 degrees and the rotation 
of the armature continues. 

In Fig. 268 we have all the elements of a regular electric 
motor, only that the latter has many more coils and all of 
them are carrying current all the time. The resultant mag- 
netic flux due to the armature current is always substantially 
at right angles to the field flux, and is switched back through 
an angle corresponding to one commutator segment every 
time the brushes pass from one segment to the next. There 
is, therefore, a continuous torque which is practically uniform. 
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Fig. 26d — Torque-Speed Characteristics of Electric Motors 



Types of Motors — ^The mechanical details of construction 
of an electric motor are absolutely the same as those of a 
generator. For instance, all of the different armature wind- 
ings described in the chapter on Generators are also applicable 
to motors. Similarly, the different field windings used on 
generators are also used on motors, that is, there are series 
motors, shunt motors and compound or differentially wound 
motors. The relative adaptability of the different types of 
motors for engine starting is clearly indicated by their char- 
acteristic curves. In Fig. 269 are shown the characteristic 
curves of both a series and a shunt motor on constant poten- 
tial circuits. Ordinates represent torques and abscissas 
speeds of revolution. It will be seen that in a shunt motor, as 
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the torque increases there is a slight reduction in speed. 
Since the line voltage is assumed constant the field strength 
of the motor will be constant and the reduction in speed will 
be due mainly to voltage drop in the armature with increasing 
load. 

In a series motor, on the other hand, the speed decreases 
rapidly with an increase in torque. In fact, a series motor, 
if not loaded, will race wildly and its armature may even 
burst from its excessive centrifugal force. This is due to the 
fact that when a series motor is running without load it takes 
very little current, and as the same current passes through 
the armature and fields, the fields are then very weak, hence 
the armature must run at an enormous speed to generate a 
counter-electromotive force approaching in value the applied 
electromotive force. 

Starting Torque Important Factor — In the case of starter 
motors the most important factor is the starting torque or 
the torque exerted by the motor while at rest. In this re- 
spect the series motor is far superior to the shunt motor. 
When a motor connected to a battery is at rest it develops 
no counter-electromotive force and the battery, therefore, is 
virtually short-circuited. As in a series motor, the same cur- 
rent flows through armature and field coils, it follows that 
in such a motor when starting from rest an enormous cur- 
rent fiows through the field coils and the magnetic field is 
saturated. This, together with the heavy armature current, 
insures a large starting torque. In a shunt motor, on the 
other hand, the field at starting is relatively weak, because the 
heavy current drawn by the armature results in a heavy drop 
in voltage in the battery and connection cables, consequently a 
lower voltage than normally will be applied to the field termi- 
nals and less current will fiow through the field coils. It is par- 
ticularly important that starting motors devielop a strong 
istarting torque, for the reason that it takes a greater torque 
to first start the engine in motion than to keep it in motion 
once it is started. 

Compound Wound Motors — ^Where separate machines are 
used for current generation and starting, the starting motor is 
always series wound. When the same machine is used for 
both purposes it sometimes has two separate field windings, a 
shunt winding for use as generator and a series winding 
for use as motor. Some dynamotors are equipped with dif- 
ferential field windings in order to control the generator out- 
put. The series field winding when the machine acts as a gen- 
erator then opposes the field shunt winding and weakens the 
field. On the other hand, when the machine acts as a motor, 
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whereas the shunt current still flows in the same direction as 
when the machine acts as a generator, the series current now 
flows in the opposite direction so that the two magnetizing 
forces combine, instead of that due to the series winding partly 
neutralizing that due to the shunt winding. This is illustrated 
in Fig. 270, where the full line arrow shows the direction of 
generator current, while the dotted arrows show the direction 
of motor current. Such compound motors are used to a cer- 
tain extent. 

Counter-Electromotive Force — ^In an electric motor the 
torque developed is directly proportional to the number of 
lines of magnetic force passing through the armature, to the 
number of armature turns and to the armature current. 
Hence, the mechanical resistance which the motor must over- 
come — in other words, the torque it must develop— deter- 
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Fig. 270 — Circuit Diagram of Compound- Wound Dynamotor 



mines the current that will flow through the armature. This 
current, in overcoming the electrical resistance of the arma- 
ture winding, causes a certain drop in voltage. The rest of 
the applied voltage is balanced by a counter-electromdtive 
force generated in the motor armature. When a motor is car- 
rying a normal load, the drop in voltage in the armature 
amounts to only a small percentage of the total, and the 
counter-electromotive force is then nearly equal to the ap- 
plied electromotive force. As in the case of the induced 
electromotive force of a generator, the counter-electromotive 
force of a motor is proportional to the magnetic flux through 
the motor armature, the number of armature turns and the 
speed of revolution. 

Power Required to Start Engines — The power required to 
start an engine depends not only on the bore and stroke and 
the number of cylinders, but also upon the compression car- 
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ried, the clearances between bearing surfaces, the lubricants 
used and the temperature of the niotor. There is no great 
variation in the torque required to start an engine from rest 
for temperature ranges above the freezing point, but there 
is a very marked increase when the atmospheric tempera- 
ture drops down to^ zero. No general figures can be given 
regarding this increase in the starting torque, as it depends 
upon the character of lubricant employed and upon the ac- 
curacy of fitting the engine parts, but a good idea of its mag- 
nitude may be obtained from Fig. 271, which shows the varia- 
tion of the starting torque with speed, of a four-cylinder 4% x 
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Fig. 271 — Engine Starting Torque at Normal and Low 

Temperature 



5%-inch motor, with a compression ratio of 4:1 — (I) at an 
atmospheric temperature of 75 degrees Fahr. and (II) when 
packed in ice. It will be seen from curve I that at normal 
temperature there is little variation in the cranking torque 
between 75 and 250 r.p.m., the torque being a minimum at 150 
r.p.m. At the lower temx>erature the torque is a minimum at 
100 r.p.m. The general form of all starting torque curves 
is the same, that is, the torque is a maximum when the engine 
is at rest and falls rapidly with a gain in speed until it reaches 
a minimum at from 50 to 150 r.p.m. Then the curve swings 
upward again, the torque increasing with the speed. 
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The average starting torque of an engine of a given total 
piston displacement is substantially the same whether the 
engine has four, six or eight cylinders, but the fluctuations 
in torque are, of course, greater the less the number of cylin- 
ders. Hence, the piston displacement being the same, a slight- 
ly smaller motor can be used with the engine of greater num- 
ber of cylinders. A rough rule for starting torque is one 
pound-foot per 5 cubic inches total piston displacement, and 
for the cranking torque after the engine has once been set in 
motion one pound-foot per 10 cubic inches total piston dis- 
placement. It may be explained that one pound-foot is the 
torque represented by a force of one pound acting tangentially 
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Fig. 272 — Superposed Diagrams of Starter Torque and Engine 

Torque 

at a radius of 1 foot. In practice, since the torque of which 
the starting motor is capable must exceed the torque required 
by the engine by a certain margin, the motor starting torque 
should be from 2^/^ to 3 times the normal cranking torque 
of the engine. 

In Fig. 272 the torque curve of a starting motor multiplied 
by the gear reduction ratio is superposed upon the engine 
starting torque curves for normal temperature and low tem- 
perature, respectively. It will be seen that the starting torque 
of the motor exceeds the starting torque of the engine under 
cold weather conditions by a fair margin, as should be the 
case. The cranking speeds are shown by the points of inter- 
section of the motor torque curve with the engine torque 
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curves, indicating an engine speed of 88 r.p.m. when fhe engine 
is cold and 100 r.p.m. when the engine is at normal tempera- 
ture. 

Cranking Speed — The main factor determining the most 
desirable cranking speed is the carburetion. Practically all 
carburetors have the characteristic of producing a lean mix- 
ture, that is, a mixture poor in gasoline, when the suction is 
weak, i. e., at low engine speed. Such a mixture ignites only 
with difficulty or not at all, according to the proportions. At a 
cranking speed of 100 r.p.m. or more a good mixture is gen- 
erally formed, even at low temperature, when not all the fuel 
emitted by the carburetor nozzle vaporizes, and such a crank- 
ing speed is therefore desirable. If a magneto spark is used 
for firing the charge in starting (now a rather rare practice 
in this country) then the best cranking speed is also affected 
by the fact that a magneto gives sparks only above a certain 
minimum speed and the volume and igniting power of the 
sparks increase with the speed. However, battery ignition 
in starting. is now almost universal and the battery spark 
has its maximum firing value when the speed is low. Another 
thing that requires consideration in this connection is that if 
the cranking speed is too low there is apt to be shattering due 
to back lash in the gear teeth. As the engine passes the 
compression point the compression naturally tends to accel- 
erate it, and if this accelerating action is greater than the 
natural acceleration of the starting motor, then the teeth of 
the driven gear will move out of contact with the teeth of the 
driving pinion as the charge in the cylinder expands, and a 
shattering action results. According to one authority con- 
tinuous driving action is obtained with four-cylinder motors 
above 80 r.p.m. and with six-cylinder motors above 50 r.p.m. 

Energy Consumed in Starting — If an engine is in good 
working order so that an explosion occurs on one of the first 
compressions the energy consumed in starting is exceedingly 
small, as the following calculations will show. After two 
or three compressions the engine is up to its normal crank- 
ing speed and the current down to the normal value corre- 
sponding to that speed. Suppose we have a six-cylinder 
8 x 5-inch motor, which has a piston displacement of 216 
cubic inches. Hence, in accordance with the rules given above, 
the starting torque will be about 

OIK 

-^ = 43 lbs.-ft. 



and the cranking torque 



^^^ = 21.5 lb8.-ft. 



10 
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The average torque during the first tnree revolutions, there-* 
fore, is about 32 Ibs.-ft. Since a point at a radius of 1 foot 
travels 6.28 feet in one revolution and 18.84 feet in three revo- 
lutions, the energy consumed during these three revolutions is 

32 X 18.84 = 602 foot-pounds. 
Since 2656 foot-pounds is equal to one watt-hour, converting 
the above mechanical energy units into electric energy 
units we have 

602 

^-7:-r=r = 0.226 watt-hour. 
2655 

This is the energy actually imparted to the engine. But the 

combined efficiency of the electric motor and the gearing would 

hardly be more than 70 per cent., hence the energy input into 

the motor would be 

0.226 

= 0.32 watt-hour. 

0.70 

If, therefore, we had a battery capacity of 480 watt-hours we 
could make 

480 



= 1500 starts 



0.82 

on one charge of the battery. The conditions here assumed 
are rather ideal. If the engine started every time on the 
sixth compression, instead of on the third, then the number of 
starts per charge would be reduced to 900. 

It will be noticed that in the above calculations the crank- 
ing speed does not enter. In fact, the energy consumed is 
the same whether the cranking speed is high or low, provided 
the engine in each case picks up after a certain number of 
compressions. At high cranking speed more power is, of 
course, required for cranking, but the time of cranking is 
reduced in proportion, hence the energy, which is the product 
of power and time, remains the same. 

In Fig. 273 is shown an oscillogram of the current con- 
sumed by a motor in starting an engine. This was taken by 
Prof. Benj. F. Bailey of the University of Michigan. The 
engine used in the test had four 3% x 4-inch cylinders (177 
cu. ins. displacement) and was rated at 25 h.p. A Disco 
single unit machine with compound winding was used, and 
was connected to the engine with a gear ratio of 3:1, both 
when acting as a starting motor and when acting as a 
generator. 

Referring to the curve, it will be seen that the first rush of 
current was 236 amperes, which is equal to 69 per cent, of 
the current that would have flown had the armature been 
held from rotation. The peak of the current curve indicates 
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the time when the starter pulled the engine <c;vet the first 
compression. The time elapsing between the closing of the 
switch and the passing over the compresaion was 0.043 second. 
The torque exerted by the starter with a current of 236 
amperes was 28 lb.-ft. or 84 Ib.-ft. at the engine shaft. Tests 
showed that the torque required to pull the engine over the 
first compression was 35 lb.-ft. The difference, 39 lb.-ft., was 
used in overcoming the inertia of the engine and starter. 

As soon as the engine was under way the current dropped 
to an average value of 63 amperes. The peaks represent the 
increase in current necessary to overcome the compression. 
The starter, of course, was assisted by the inertia of the fly- 
wbeel. The time between peaks is 0.133 second, correspond- 
ing to an engine speed of 225 r.p.m. With a starter cranking 
the engine at a lower speed the peaks would have been more 
marked. 

The ignition switch vras not closed when the starter switch 



FiQ. 273— Oscillogram of Starter Currsnt 



was operated. At the point where the current drops suddenly 
to zero the ignition was thrown on and the engine began to 
fire. The time represented by the complete cycle of operations 
shown was 2.12 seconds. A normal start requires about half 



Starter Speed — There is an extreme range in the speeds of 
revolution of different types of electric starter motors, de- 
pending upon the method of drive employed. Some of these 
motors are direct connected to the engines to be started, the 
starter armature forming the flj^wheel of the engine. Since 
in this case starter speed and cranking speed are necessarily 
the same, the latter is chosen somewhat higher than with the 
other types of starters. Thus, in the U. S. L. system (Fig. 
275), which is of this type, the cranking speed varies between 
200 and 400 r.p.m. in the different cars to which it has been 
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applied. Sometimes a single gear reduction to the flywheel is 
used, in which case a maximum reduction ratio of about 
10:1 can be obtained and the motor speed may be anything 
between 800 and 1200 r.p.m. 

A higher gear reduction is obtained with a double reduction 
set of spur gears to the fljnvheel, viz., from 20 to 30, and with 
such a gear the motor speed may be as high as 3000 r.p.m. 
In the past one maker of electric starters has been using a 
high reduction worm gearing with a ratio of about 70:1 and 
employed a motor running at something like 7000 r.p.m. while 
cranking the engine^ Within certain limits the weight of a 
motor of a given output varies in inverse ratio to the speed. 
That is, a low speed motor is comparatively heavy and a 
high speed motor light in proportion to its output. The great 
weight of the very low speed direct connected motor is miti- 
gated by the fact that its armature replaces the flywheel and 
it also eliminates the reducing gear. Further, since the drive 
is direct, with absolutely no bearings in the tnotor or between 
motor and engine, there is no loss in transmitting the start- 
ing torque. Of the two most directly competing systems, the 
single and double reduction gear drives, the former has the 
advantage of a simple and more efficient drive, the latter that 
of permitting the use of a lighter, more compact and prob- 
ably somewhat more efficient motor. 

Characteristic Curves of Motors — In Fig. 269 was shown a 
torque-speed curve of a series motor, as well as a similar curve 
of a shunt motor. In giving the characteristics of a starting 
motor it is usual, however, to plot on the same diagram curves 
showing the variation of the voltage at the motor terminals, 
of the speed of revolution, of the torque and of the efficiency, 
with the current in amperes flowing into the motor. Such a 
diagram of motor characteristics, applying to a Rushmore 
Model B starting motor which weighs 47 lbs. and when geared 
through a single reduction of 10:1 turns a six-cylinder 4^2 x 
5y2-inch engine over at 108 r.p.m., is shown in Fig. 274. There 
are really two sets of characteristics shown in this diagram, 
one referring to a motor with 31 armature sections and the 
other to a motor with 27 armature sections, the different 
windings being used in order to obtain different speeds. Nat- 
urally the torque is greater with the greater number of sec- 
tions, and the efficiency is also greater in that case. It will 
be seen that the torque increases in almost direct proportion 
to the armature current in amperes. The maximum efficiency 
with the low speed winding is attained at about 150 r.p.m. and 
amounts to about 72 per cent., while the maximum efficiency 
for the high speed winding is attained at about 175 r.p.m. and 
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amounts to about 69 per cent. The horsepower developed 
may also be plotted on the same diagram. 

Mechanical Construction — Owing to the exceedingly se- 
vere service to which a starting motor is subjected it should 
be very substantially built. The shaft must be of liberal 
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diameter and tlK ball bearings in which it is supported should 
be of ample capacity. The armatures of starting motors are 
generally of the form wound type, since, with the low voltage 
employed, only a single pair of conductors is required per slot 
and the conductors are exceptionally heavy. Owing to the 
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sudden current impulses when the starter switch is closed tHe 
motor should have a relatively strong field, so as to insure 
good inherent commutating characteristics. In that case low 
resistance brushes can be used without danger of destructive 
sparking at the commutator under the conditions of heavy 
overload obtaining while starting. The commutator also should 
be of liberal dimensions. 

We are now in position to discuss the considerations wLich 
generally determine the question whether a single machine 
shall be used both for generating the electric energy and for 
starting the motor or a separate machine for each function. 
The advantages of a single machine are obvious. Ordinarily 
it weighs less than two separate machines and it requires only 
a single driving connection to the engine. The machine must 
be either shunt or differentially wound, in accordance with the 
requirements of battery charging. However, for starting pur- 
poses, a series machine is by far the best. Some makers have 
solved this difficulty by providing the machine with both a 
shunt and a series field winding, using one when the machine 
operates as a generator and the other when it operates as a 
motor. This, of course, considerably adds to the weight and 
bulk of the machine, as not only is the field winding duplicated, 
but the magnet poles must be made sufficiently long to accom- 
modate the two windings. 

Aside from the field winding, the armature winding and 
commutator also would not be made exactly the same for the 
generator as for the motor. For instance, in a 6-volt system, 
the generator delivers a current of about 15 amperes. As a 
motor, however, it will take a current at least ten times as 
great, and hence, even though this current flow is maintained 
only for an instant, the motor requires a larger commutator. 
Another thing is that the armature current moves the point 
of commutation around in a generator in the direction of 
armature motion — in a motor in the opposite direction. Hence, 
in a separate generator the brushes would be given an ad- 
vance corresponding to the full output of current, while in a 
motor the brushes would be set back through a certain angle. 
It is evident that in a dynamotor a compromise has to be 
made and the brushes set substantially in the no load neutral 
position. 

Classification of Single - Unit Systems — Single - unit 
machines or combined generators and starters may be divided 
into four classes, viz., (1) direct connected or flywheel type 
machines; (2) single-speed machines, gear or chain connected 
to the crankshaft at the same ratio whether operating as 
generator or motor; (3) machines having two different driving 
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connections to the engine, from opposite ends, one generator 
connection which makes the dynamotor run slightly faster 
than the engine and one starter connection which makes the 
engine turn over a great deal slower than the dynamotor, and 
(4) machines embodying an automatic change gear and con- 
necting to the engine through a chain or gear drive, the change 
gear being cut out of action when the drive is from the engine 
and into action when the drive is the other way. We will 
consider these types in succession. 
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Starter Drives 

In the following treatment of starter drives the various 
types are considered in the chronological order of their ap-> 
pearance. It should be pointed out, however, that the screw 
drive, invented by Vincent Bendix, has gained for itself a 
very important place and is used far more extensively than 
any of the others. In 1918 the manufacturers stated that 
150 different car models had this starter drive. 

Flywheel Type — This type of dynamotor or single-unit sys- 
tem is represented by the U. S. L. and Otho systems, the 
former of which will be briefly described here (see Figs. 275 
and 276). On account of the fact that the dynamotor must 
develop a torque greater than the starting torque of the engine 
it will naturally be quite bulky and heavy, but since its 
revolving member takes the place of the flywheel, this objec- 
tion partly vanishes. In order to get as much flywheel effect 
as possible from a given weight the armature is placed outside 
a star-shaped magnet frame having eight poles. The arma- 
ture, therefore, is of ring form and has a so-called ring wind- 
ing, being wound with insulated copper ribbon, which lies in 
armature slots on the inside of the ring and on top of the 
outside of the ring. A 16-armed spider bolted to the rear end 
of the clutch drum, which in turn is bolted to the crankshaft 
flsnvheel flange, supports the armature as well as the commu- 
tator. The field frame is supported by an aluminum housing, 
which is bolted to the top half of the engine crank case. 
The brush supporting ring is clamped between the housing of 
the dynamotor and an annular cover plate, oblong slots being 
cut in the ring where the bolts pass through so as to permit 
angular adjustment of the ring. Some of the advantages of 
the direct driven, flywheel type of dynamotor are as follows: 

Since the armature acts as a flywheel it represents no extra 
Weight. No driving connection is required, hence the instal- 
lation of the dynamotor is very simple, and noisy operation 
is obviated. The machine does not require any space at the 
side of the engine, hence does not interfere with engine acces- 
sibility. 
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Fia 27&— U. S. L. Flywheel Tyfe Dynamotob (Suction) 




Fig, 276 — End View of U. S. L. Dynamotob 
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The electrical efflciency of a flywheel type dynamotor is un- 
doubtedly rather low, on account of the low speed and not- 
withstanding the fact that there are no bearing losses. This 
construction is now obsolete. The high cost of construction 
was against it. 

Single-Ratio Drive — Coming next to the second class of 
single-unit systems, in which the dynamotor is geared to the 
crankshaft in the same ratio, whether acting as generator or 
motor, we have the Entz (Fig. 277) as the most prominent 
example. Owing to the fact that the machine must not run 
too fast when acting as generator, it cannot be geared up 
very much. A ratio of 3 to 1 is about the limit, and for high- 
speed motors the ratio might well be less. As a motor the ma- 
chine must therefore develop a torque about one-third the 
engine starting torque, which, while much less than that re- 



Fio. 277 — Single Drive Dynamotor (Chalmers-Entz) 



quired of the flywheel type dynamotor, is much more than that 
required of separate starting motors which are geared down 
from 10 to 1 to as much as 30 to 1. Consequently a relatively 
large machine is required — much larger than necessary to 
carry the normal generator load of about 100 watts. The 
construction, however, is very simple, since there is merely a 
plain chain drive to the crankshaft, without the so-called over- 
running clutch used on most starting motors, and the dyna- 
motor, owing to its higher speed as compared with the flywheel 
type, can be made with fewer poles and considerably smaller 
and cheaper. While originally the single-drive ratio system 
was fitted mainly to cars in the higher-priced class, it has 
recently been developed by other manufacturers for use on 
light, low-priced cars, for which service its simplicity seems 
to m9k^ it particular^ suited. 
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Two-Ratio Drive System — In the two systems so far de- 
scribed the required size of the electric machine is determined 
solely by the starting torque it must develop, as it requires a 
very much larger machine to develop on its shaft a torque 
equal to, say, one-third the starting torque of the average 
automobile engine than to produce at three times engine speed 
an output of, say, 100 watts as generator. In view of the great 
difference in the output required as a generator and as a 
motor if the gear ratio between engine and dynamotor is the 
same in both cases, the thought suggested itself of employing 
variable gearing between dynamotor and engine so that the 
dynamotor might run at high speed while cranking the 
engine and yet not at too high a speed when acting as gen- 
erator. One method of accomplishing this purpose is employed 
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Fig. 278 — Double Drive Dynamotor (Delco) 

in the Delco system, in which there are two separate driving 
connections — one to the forward end of the crankshaft and 
the other through the flywheel to the rear end of the crank- 
shaft. Two so-called overrunning clutches A and B {Fig. 278) 
are used with this system. These are in the nature of ratchets 
and permit of transmitting motion through them in one direc- 
tion, but not in the other. Such clutches are well known 
through their use in lawn mowers, for instance. When the 
mower is pushed the revolving wheels impart motion to the 
cutter wheel; when it is pulled the wheels revolve idly. In 
Fig. 278 the forward overrunning clutch A is the "generator 
clutch," that ia, the power is transmitted through it when the 
dynamotor is being driven from the engine. Looked at from 
the forward end of the car the crankshaft of the average 
engine revolves right-handedly and a shaft drivien from it 
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through a train of three spur gears, such as the generator 
drive shaft, also revolves right-handedly. Clutch A is so ar- 
ranged that it will transmit motion from its central member 
to its outside member when the former revolves right-hand- 
edly. The armature of the dynamotor always rotates right- 
handedly, whether the machine acta as a generator or motor. 
Right-hand rotation, however, can be transmitted from the 
dynamotor only through clutch B. Therefore, when the dyna- 
motor acts as a motor, it ia disconnected from the forward end 
of the crankshaft by clutch A and it drives through clutch B, 
a set of sliding gears and the flywheel to the rear end of the 
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crankshaft. As soon as the engine picks up its cycle it rotates 
faster in proportion than the armature of the electric machine, 
but it cannot drive the armature through the flywheel because 
clutch B will not transmit right-hand rotation from the rear 
toward the front. Instead, the motion of the crankshaft is 
now transmitted to the armature through clutch A. The for- 
ward drive may be such that the dynamotor as generator will 
make one and one-half revolutions to one of the crankshaft and 
the rear drive such that the dynamotor as motor will make 
20 or more revolutions to one revolution of the crankshaft. 
Hence, the torque of the motor in starting is multiplied twenty 
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or more times by the gearing, and a small dynamotor can 
be used. 

Antomatic Change Gear — A variation of the type of double 
drive just described incorporates an automatic change gear in 
the dynamotor and employs only a single driving connection 
between dynamotor and engine crankshaft. The gear is oper- 
ated or controlled by means of a centrifugal governor mounted 
on the driving shaft, which runs at low speed when the 
engine is being started and at high speed when the engine 
runs normally. A typical variable gear of this type, the Jesco, 
is illustrated by the two views in Figa. 279 and 280. 



Fig. 280 — Another Section op the Jesco Gear 

Referring to the drawings, A is the armature shaft, upon 
the end of which gear teeth are cut. The small pinion thus 
formed meshes with two planetary pinions BB, which in turn 
mesh with an internal gear C, forming part of what is known 
as the control casing. This casing carries a pair of pawls DD, 
adapted to engage with a ratchet wheel E, which is fast upon 
an inwardly projecting hub of housing F. The pawls are held 
in engagement with the ratchet wheels by flat springs. 

Both the armature shaft A and the sprocket shaft G always 
rotate right-handedly. When current is admitted to the arma- 
ture of the dynamotor for starting and the armature begins 
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to turn, planetary pinions BB roll on internal gear C, and their 
bearing studs HH, being secured into a flange on sprocket 
shaft G, carry that shaft along in the same direction in which 
shaft A is rotating, but at a considerably reduced speed. Bear- 
ing studs HH are supported at their opposite ends in a disc /, 
which is supported by an annular bearing at the end of the 
motor housing, and which in turn serves as a bearing for arma- 
ture shaft A. Disc / forms a support for two governor weights 
JJ in the form of bell cranks, the inwardly extending arms of 
these governor weights pressing against short push rods KK, 

which transmit the pressure 
to a miniature multiple disc 
clutch L. 

Since disc / is rigidly con- 
nected to sprocket shaft G by 
means of the planetary bear- 
ing studs HH, the governor 
weights will be carried around 
at the same speed as sprocket 
shaft G, and when the speed 
attains a certain value the 
weights will fly out and there- 
by engage clutch L. It is ap- 
parent that armature shaft A 
is then direct connected to 
sprocket shaft G, and since by 
this time the engine has picked 
up its cycle and drives the dy- 
namotor, the drive will be 
transmitted directly from 
shaft G to shaft A. The con- 
trol casing now rotates in uni- 
son with the two shafts, the 
pawls slipping backward over 
the ratchet wheel. 

Recently there has been a decline in the use of systems em- 
ploying a dynamotor with a variable gear connection to the 
crankshaft, which is probably due to a patent decision to the 
effect that this arrangement is covered by a basic patent issued 
to Coleman and which is controlled by the Dayton Electrical 
Laboratories Co. 

Tandem and Double Deck Machines — The first step away 
from the strict single-unit system is that employing two ma- 
chines combined in one. For instance, we may have the two 
field frames arranged one on top of the other in a single 
casting, as in Fig. 281. The generator armature is then geared 




Fig. 281 — Double Deck Dyna- 
motor Frame 
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to the crankshaft in the desired ratio, while the motor shaft 
is connected to the generator shaft through a train of gears in 
one of which ia incorporated an overrunning clutch qo arranged 
that power may, be transmitted from the motor shaft to the 
generator shaft, but not the other way. The gearing is such 
that the motor shaft makes several turns to one of the gen- 
erator shaft. If current is sent into the motor it will drive 



Fig. 282 — Starter Dbite op Double Deck Machine 

through the generator and its drive. As soon as the engine 
picks up the generator will run ahead of the motor and when 
the current is shut off from the latter it will stop. A form of 
gear train employed with double deck machines is illustrated in 
Fig. 282. 

Overmning Clutches — The most popular type of over- 
running clutch is the roller type illustrated in Fig. 283. It 
comprises a central steel disk, in the circumference of which 
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are cut three or four notches containins: hardened steel roll- 
ers, and a steel drum surrounding the disk. When the rollers 
are in the position shown in full lines they are wedged in 
between the disk and drum, and, provided t^e angle between 
the tangents to the roller circle at the two contact points is 
sufficiently acute, any left-hand turning effort applied to the 
disk will be transmitted to the drum. In order to insure 
instant engagement of the rollers with the drum and disk 
surfaces when a turning effort is applied, small coiled springs 
are lodged in drill holes in the disk so as to lightly press 
the rollers into contact with the engaging surfaces of both 
disk and drum. If a left-hand torque is applied to the drum 
instead of the disk, friction between drum and rollers at once 
moves the roller to the released position. 
Another type of overrunning clutch, as used on the Aplco 

system, is illustrated in Fig. 284. 
It is claimed that this design ,of 
clutch is more rugged than the 
roller type. Referring to the illus- 
trations, A is the fan pulley keyed 
to the forward end of the crank- 
3haf t, with which the clutch is some- 
times combined for simplicity's 
sake. Rigidly attached to this part 
are pins B which carry pawls C 
Resting on pawls G are light 
springs B designed to prevent vi- 
bration of the pawls. The clutch 
also comprises a ratchet ele- 
ment made up of three parts 
riveted together and the whole is bolted to the sprocket wheel 
E, a casing F being used to enclose the pawl and ratchet 
elements to keep out dirt, etc. G represents the end of the 
gear case on the engine, which carries a hub that serves as a 
bearing for the driving member. The pawls and ratchets are 
so arranged that when the motor is idle there will be one of 
the pawls not more than 0.089 in. from engagement, with an 
8-pawl element ; consequently there is no shock at the moment 
of engagement or at the time of going over compression. 
When current is applied to the starting motor the driving 
member carrying the ratchets, one of which is in engage- 
ment with one of the pawls, begins to turn the pawl-carrying 
element, which is keyed to the crankshaft. When the engine 
picks up its own power the pawls are thrown back into the 
recesses provided and out of engagement with the ratchet 
wheel, and will stay there until the car is stopped, when they 
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Fig. 283 — Roller Type 
Overrunning Clutch 
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are returned to position by springs D. However, to overcome 
any possibility of the pawls dropping down and making a noise 
when driving at a very low speed on direct drive, the noie&- 
killing element H is introduced for the purpose of receiving 
the pawls as they drop down into position. The mounting of 
pawls C on pins B is such that no strain is put on pins B, 
the strain being carried by the abutment back of the pawl. It 
is seen that the driving member is idle while the engine is run- 
ning. 

Need of Shifting Gears With Flywheel Drives— In all the 
starting and lighting systems in which the starting effort ie 




Fio. 284 — Pawl and Ratchet Type Overrunning Clutch 

transmitted to the crankshaft by the same device which trans- 
mits the power required for driving the generator there is 
no need for a mechanical disconnecting device between start- 
ing motor and crankshaft. This includes the system in which 
a dynamotor is permanently geared to the crankshaft, that 
in which a dynamotor with automatic change gear connects 
to the crankshaft by gear or chain, and that in which the motor 
and generator are arranged tandem-faahion, the motor driving 
through the generator. But whenever there is a separate 
starter drive from the motor to the flywheel, a pair of gears 
must be enmeshed previous to starting and unmeshed after 
starting. If the flywheel pinion remained in mesh with the 
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Fig. 285^0feration of Sliding Gear Starter Drive 
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flywheel gear it would be very noisy at high engine speeds, 
though the motor, of course, might be disconnected from the 
engine by an overrunning clutch. The enmeshing must be 
done at the same time that the starting switch is closed, 
and provision is always made to insure automatic meshing of 
the gears simultaneously with or immediately after closing 
the switch. There are three well-known mechanical methods 
of accomplishing this. The first consists in the provision of 
a pair of sliding gears of which one is adapted to engage with 
a flywheel gear and the other is in engagement with the starter 
pinion. In this way a double reduction is obtained between 
starter shaft and engine shaft. 

Starter Resistance — In most systems employing sliding 
pinions the switch operates in two steps, closing the motor 
circuit first with a resistance in circuit and then with this re- 
sistance cut out. With the resistance in circuit the motor will 
turn over slowly without load, so that the gears can be meshed 
without difficulty. If the motor were connected at once di- 
rectly across the battery terminals it would quickly attain a 
very high speed and then the gears would be hard to enmesh. 

Operation of Shifting Gear and Switch — The successive 
positions of the shifting gear and of the starter switch are 
clearly shown in Fig. 285, which represents a Westinghouse 
system. At A is shown the "off" position of the shift pinion 
and switch contactor. Pressure on the starting lever moves 
the shift rod first to the position shown in B, closing the motor 
circuit at P and P* through the resistance R; this starts the 
motor at low speed. Further motion of the shift rod to posi- 
tion C opens the electric circuit, but the motor and pinion con- 
tinue to turn, owing to their momentum. When position C is 
reached the pinion is still turning slowly, so that it cannot 
fail to mesh with the gear; but, as power is turned off the 
motor there is no difficulty in sliding the teeth into full en- 
gagement. As soon as the teeth do engage, further foot 
pressure on the starting lever shifts the rod to the position 
shown in D, closing the electric circuit at Q after the pinion 
and gear have meshed a sufficient distance to present a good 
bearing length on the teeth; this connects the motor directly 
to the storage battery, so that full power is impressed, and it 
turns the engine over until the starting lever is released or the 
engine picks up on its own power. There is an overrunning 
clutch between the flywheel pinion and the motor, so that if 
the pedal is not promptly released when the engine picks up, 
the motor is not driven by the engine. When the pressure is 
removed from the starting lever, the shifting-rod springs re- 
turn all parts to position A; this releases the gears and opens 
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the electric circuit, and the motor comes to rest. The travel of 
the switch rod, starting from clear "open" position, iB ap- 
proximately as follows : 3/16-inch, auxiliary contacts closed ; ^^- 
inch, auxiliary contacts open; 9/16-inch, gears start to mesh; 
IV^-inch, main contacts close; 1%-inch, main contacts com- 
pressed 

In some cases the switch is not mounted directly on the 
gear-shift rod but is on a separate rod which acts on the gear- 
shift rod by some form of lever. In such cases the switch- 
shift rod should be provided with a separate spring, to insure 
that the switch is always returned to and held in the full-off 
position when the starting pedal is released. 

Inertia Controlled Meshing Gear — In another design of 
starter drive, the Bendix (Fig. 286), use is made of the 
inertia of a weight on the starter sbEift to force the pinion 
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Fig. 286 — Section Through Bendix Spbino Deivb 

along the shaft when the latter begins to turn. The drive 
consists of a shaft having screw threads on the outside, and a 
gear pinion having corresponding threads on the inside, so 
that the gear screws over the shaft like a nut over a bolt. A 
circular weight, which is slightly out of balance, is fastened 
to the gear. A coiled spring connects the motor shift to the 
hollow screw shaft. 

When the electric motor starts, it drives through the spring 
and turns the screw shaft. Owing to the inertia of the weight 
secured to the gear, it cannot immediately follow the screw 
shaft, and since the gear does not turn it is forced to move 
along the shaft. This causes it to engage with the flywheel 
gear, and after that it keeps on moving along until it reaches 
the stop at the end of the screw shaft. The two gears are 
then fully meshed, and it is obvious that when the screw 
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gear has reached the stop it cannot move any farther along 
the shaft and must revolve with the screw shaft. At this point 
the screw shaft and electric motor are revolving at great 
speed and therefore have gained considerable momentum, 
which adds to the torque actually produced by the motor in 
starting the engine. The entire starting torque is taken 
through the coiled spring, which keeps coiling until all of 
the power has been applied to the' flywheel gear. 

As soon as the engine starts exploding and runs under its 
own power, the flywheel, of course, turns much faster than 
when it was cranked by the starter. This causes it to turn 
the screw gear at a higher rate than the revolution of the 
screw shaft. The result is that the gear will be screwed on 
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the threads of the shaft until it ia out of mesh with the fly- 
wheel gear. This unmeshing movement is entirely automatic 
and eliminates the use of an overrunning clutch. 

It might be supposed that as soon as the screw gear was 
out of mesh, if the electric motor kept on running, the former 
would be automatically screwed back into mesh with the 
flywheel gear. It is to obviate this that the weight on the 
screw gear is made unbalanced. The unbalanced weight twists 
or cocks the screw gear so that it binds on the screw shaft 
and turns with it. This automatic clutching is due to the 
centrifugal force on the unbalanced weight. When the elec- 
tric motor stops running the screw gear has been fully moved 
away from the flywheel gear and it remains in that position 
until it is again required to start the engine. 
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One of the advantages claimed for the Bendix drive is that 
owing to the fact that the starting motor is running at a very 
high speed at the moment the engine first commences to ro- 
tate, a greater starting torque than that of which the motor 
is capable may be applied to ''break" the engine loose. 

Screw shift direct drives are made in two types, outboard 
and inboard. In the former the pinion when meshing with 
the fl3rwheel gear travels away from the starter; in the in- 
board type the pinion travels toward the starter in meshing 
and with this type no outer bearing is required beyond the 
pinion. ' 

Bijur Automatic Shift for Double Reduction Drives — 

Joseph Bijur has designed a number of modifications of 
the screw drive in which he has sought particularly to 
overcome the possibility of jamming of the pinion against the 
flywheel teeth. One of these designs (Fig. 288) is for a 
double reduction drive and the other (Fig. 289) for a single 
reduction drive. Fig. 288 shows a section through the hous- 
ing W to which the starter is bolted, and which in turn is 
bolted into the flywheel housing by means of a flange. The 
starter shaft has long teeth X cut on its end, which project 
into the housing W. These teeth are always in mesh with 
those of driving gear D mounted on drive shaft B. 

Pressing on the face of driving gear D is a leather or 
Thermoid clutch member E which is riveted to steel plate F. 
A light shell S extends around the clutch and serves to deflect 
dirt, oil, etc. The whole clutch assembly can move horizon- 
tally on the drive shaft but must rotate with it on account of 
flats C on the shaft which register with similar flats in clutch 
plate F and clutch face E. Adjacent to clutch plate F is a 
sleeve H with two slots through which a pin G extends, this 
pin serving to limit the horizontal travel of the clutch as- 
sembly to % inch. A spring cover R holds pin G in place. 

Spring L exerts pressure between the face of the drive 
gear and the clutch member E, and this pressure is sufficient 
to cause the gear to turn the clutch and shaft with it unless 
the shaft is held against turning. The pressure is not suf- 
ficient, however, to enable the clutch to transmit any real 
power. 

In starting, by closing a single contact switch the starter 
is connected directly to the battery and it begins to rotate. | 

Driving gear D rotates drive shaft B through the clutch \ 

mechanism. Pinion M screws itself to the left, and if the 
pinion teeth register with the spaces between the flywheel 
teeth the pinion will continue to travel into mesh until its 
entering face comes into contact with sleeve H. As the pinion 



eotitinuea to travel towards the left, it pushes sleeve H, the 
whole clutch assembly and drive gear D in the same direc- 
tion and compresses spring L. When shoulder Z of driving 
gear D comes io contact with shoulder V on the shaft the 
pinion ia in full mesh with the flywheel 

With spring L tightly compressed, there is sufficient pres- 
sure between the face of drive gear D and clutch member E 
to cause the clutch to transmit to the drive shaft the power 
required for cranking. The starter then spins the engine 
antil it takes up its own cycle. When the engine begins to fire, 
pinion M is rotated faster by the flywheel than by the starter. 
The pinion therefore travels to the right and out of mesh 
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with the flywheel gear. On coming out of mesh it is cushioned 
by spring 0, 

If the pinion teeth and flywheel teeth should butt on being 
brought together, the action is as follows: On closing the 
starting switch pinion M travels to the left until its teeth 
butt with those of the flywheel. The pinion then is prevented 
from rotating, and, since the drive shaft is rotating, it screws 
itself through the pinion, moving to the right and carrying 
with it the sleeve H, clutch assembly, driving gear D and 
spring L. The drive shaft and parts assembled on it move to 
the right until sleeve U engages pinion M, and the pressure 
exerted between the pinion and sleeve then firmly clamps the 
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two together. The pinion teeth are pressed against the fly- 
wheel teeth by the comparatively light spring 0; therefore* 
when sleeve H firmly grips pinion M it causes the pinion to 
rotate with it. After a small rotary movement of the pinion 
its teeth register properly with the spaces between flywheel 
teeth, and the spring snaps the drive shaft and parts as- 
sembled thereon to the original position occupied before any 
movement to the right occurred. The pinion is then free to 
travel into full mesh with the flywheel and start the engine. 

Bijur Direct Geared Automatic Shift — Another screw shift 
has been designed by Mr. Bijur for single reduction drives. 
Referring to Fig. 289, pinion A is driven by notches on the 
inward flange on housing B registering with the pinion teeth. 
This housing has six slots about % inch deep cut in its other 
end into which the notched clutch plate C registers. The cork 
clutch D is held in place in C by means of a notched retainer, 
and its right hand face can slip slightly against the smooth 
ground face of the flanged nut E whenever the torque exceeds 
the friction between the cork and steel faces, this friction 
being due to pressure exerted by spring F, Power is thus 
transmitted in the working position from the shaft to the 
flanged nut E, thence to clutch D, its retainer, clutch plate C, 
housing B and thus to pinion A. 

In addition to the cork clutch there is a fixed clutch G 
mounted on the other end of the pinion fiange. It is held 
against the flange by means of the clutch spring washer H, 
sleeve /, and wire lock spring K. The torque necessary to 
cause this clutch to slip is fixed irrespective of the position 
of the flanged nut. 

Normally meshing is effected by depressing the starting 
switch, thereby causing the shaft to rotate within the flanged 
nut E, with the result that the nut travels along the threaded 
shaft and forces the entire assembly of the housing and pinion 
into the position of mesh through the spring F. This spring 
rests at its left-hand end against a flanged plate riveted to the 
pinion. When the nut gets to the end of its motion it first 
compresses a pair of dished washers through a pair of thrust 
bearing washers. These dished washers, together with clutch 
D, take up the shock of starting. When clutch plate C strikes 
the thrust bearing washer the axial pressure on the clutch 
face rises enormously and the clutch thereby becomes self- 
tightening. 

When the pinion is thrown out of mesh by the excess speed 
imparted to it by the flywheel, the axial motion of the nut, 
clutch and housing is cushioned by a coiled spring over the 
nut. 
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Whenever a pinion tooth strikes the corresponding end of a 
flywheel tooth, nut E compresses spring F and urgea the 
housing forward along the teeth of the pinion. Finally 
clutch plate C strikes the thrust washer, which tightens clutch 
D and causes nut E to turn with the shaft. Housing B is 
therefore turned by the notched clutch plate C and in turn 
transmits its rotative effort to the pinion, releasing the 
"butting" teeth. The instant this happens, spring F, which 
has been greatly compressed by the previous action, snaps the 
pinion into mesh with the flywheel, and normal cranking takes 
place. 

The function of the weak spring S is to prevent "ticking in" 
of the housing and pinion especially when the cat is running 
down hill. 

Safety Devices — There is some danger of a driver inad- 
vertently pressing on the starter button while the engine is 
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running. This causes severe clashing of the gear teeth, and, 
if frequently repeated, would quickly destroy the meshing 
gears. Some rather elaborate mechanisms have been devised 
to make gear meshing under such conditions impossible. 
A rather neat and simple arrangement for locking the shift- 
ing gear against accidental operation has been used by the 
Overland Company. On the housing of the shifter mechanism 
is located a solenoid actuated by current from the storage 
battery. The core of the solenoid forma a latch and when in 
its normal position prevents the shifting pinion from being 
enmeshed with the flywheel gear. The supply of current to 
the solenoid is controlled by a push button convenient to the 
driver's seat, and when the driver wishes to start the motor 
he flrst depresses the push button, which unlocks the shifting 
mechanism, and then depresses a heel button which effects the 
actual shifting. 
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Magnetic Meshing Gear — ^A unique method of meshing the 
starter gears is used in the RuBhmore system of the Bosch 
Magneto Co. It employs a single reduction by spur gears to 
a gear ring on the flywheel. The armature of the starter 
motor, whose shaft carries the spur pinion which can be 
brought into mesh with the flywheel gear, is so arranged that 
it has a free longitudinal motion in its bearings equal to the 
motion required to unmesh the pinion. A sectional view of 
the motor ia shown in Fig. 290. At the commutator end the 
armature shaft is drilled out to a depth of 10 inches, and a 
coil spring is inserted which bear; with a pressure of about 
15 lbs. against the hardened pin running against the cap of 
the bearing. The spring normally holds the armature in the 
position shown, when the pinion is out of mesh with the fly- 
wheel gear and the armature is partly out of the armature 



Fig. 290— Magnetic Meshing Ggab (Rushmore) 



tunnel. When the switch ia closed the normal attraction of 
the field magnet poles draws the armature like the core of a 
solenoid into its working position, with the pinion properly 
engaged. The armature then starts to turn. 

With this form of starter gear a special switch is used 
which causes the motor to turn over slowly when the circuit 
ia first closed, thus facilitating meshing of the gears. Two 
views of the starter switch are shown in Fig. 291. In the 
position of the switch shown, the armature is short circuited. 
When the switch contact arm touches the middle contact a 
current of about 150 amperes flowa from the battery through 
the motor field and the resistance strip, and while the switch 
arm remains on the first contact about half of the full current 
is shunted around the armature. Thus the current through the 
field instantly pulls the armature into the working position 
and the gears in mesh, while the momentary short circuit 
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across the armature prevents its rotating at high speed, al- 
though in the intense field the armature current of approxi- 
mately 75 amperes produces a very heavy torque. Thus the 
armature rotates very slowly, and it is claimed that the gears 
can never fail to mesh. 

When the switch arm leaves the first contact the armature 
short circuit is removed, but the resistance coil holds the bat- 
tery current down to a value which, though sufficient to hold 
the armature in the working position, does not permit the 
motor to give its full torque. When the arm reaches the bot- 
tom contact the resistance is cut out and the motor exerts 
its full torque in turning over the engine until the explosions 
occur. 

The bent-over spring at the left of the switch is the auto- 
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Fig. 291 — Switch for Magnetic Meshing Gear Control 



matic "ride-over." This spring rides over the flexible switch 
arm and tends to hold it against the middle contact during 
the downward movement. On the return movement, how- 
ever, the flexible switch arm rides up on the ride-over 
spring or clip until it has passed the middle contact, then 
drops down to the original short circuit position only after 
opening the battery circuit. The result is that the battery 
circuit is opened before the armature is again short circuited. 
Otherwise, on the return movement of the switch the arma- 
ture would draw the starter pinion into engagement with the 
rapidly moving flsrwheel. This would cause noise and would 
evidently be bad for the gears. 

The instant the engine picks up, the motor is relieved of 
it9 load and the current drops to almost nothing. Then the 
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solenoid action ceases and the spring Instaatly pushes fte 
armature into its idle or free running position. Thereafter 
the current required to spin the armature is too small to 
draw the latter back into its working position, hence the 
armature and pinion spin idly until the operator releases 
the foot switch. 

Starter Switches — Several types of starter switches have 
been illustrated already. They may generally be classed under 
one of two heads, viz., those giving only a single contact and 
those first closing the circuit through a resistance and then 
cutting out this resistance. One more switch of the single 
point type, the Auto-Lite, is shown in Fig. 292. It consists of 
a pressed steel box secured by wood screws to the under side 
of the toe-board. In the bottom of this box are secured two 
terminal bolts by means of nuts, insulating washers and buah- 
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jngs. Under the head of one of these bolts is secured the 
switch arm or blade — a curved piece of strip brass which is 
urged upward by a flat steel spring below it. On the cover 
of the switch box there is a cylindrical projection which ex- 
tends through a hole in the toe board and forms a guide for 
the switch plunger, A pressed steel cap is secured to the top 
end of the plunger and passes over the outside of the plunger 
bearing, thus preventing dust from getting into the bearing 
and into the switch box. 

Another type of two-point switch, the Ward Leonard, Is 
shown in Fig. 293. This is called the harpoon type, on ac- 
count of the shape of the movable switch member. The 
cables connect to the terminal blocks in the upper comers 
of the switch box and these are directly connected to the 
two main switch blades AB, made of copper laminations. Be- 
low these there are two auxiliary switch blades CD. Blade C 
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Is directljr connected to blade A, but between blades B and D 
the starting resistance is inserted. Movable switch member E 
first establisbea connection between the auxiliary switch 
blades, and the starting current must then flow through the 
starting resistance. As the movable member E is forced down 
farther, contact is established between the main switch blades, 
and the starting resistance is then cut out of circuit. 

Brush Switch — In the Deleo system no separate starting 
switch is used, but instead, one of the motor commutator 
brushes is ordinarily raised out of contact with the com- 
mutator and is let down upon it when it is desired to start 
the engine. This same brush 
also acts as a generator switch, 
closing the generator circuit 
when it is up. It will be remem- 
bered that this is a single-unit 
system, the same machine serv- 
ing both as generator and mo- 
tor, but it has two armature 
windings, two commutators and 
two sets of brushes. 

Referring to Fig. 294, when 
the starting lever is pulled 
backward, rod A is pushed for- 
ward, causing gear B of the 
starting clutch to mesh with 
motor pinion C. Immediately 
after gears B and C are in 
mesh, gear D, which is integral 
with B, meshes with the gear 
teetii on the flsrwheel and at the 
same time the extension of rod 
A to the bell crank E allows 
the motor brush E to move to- 
ward the commutator, breaking 

the generator circuit at G and closing the motor circuit. When 
the starting lever is released a spring throws the gears out 
of mesh and at the same time raises the brush from the com- 
mutator and closes the generator circuit. 

There are two common locations for the starter switch, 
viz., under the footboard directly underneath the driver's foot, 
or on top of the starting motor. With the former arrange- 
ment the driver presses directly on the switch rod and no 
operating linkage is required; with the latter the length of 
the electric cable in the starter circuit is materially short- 
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ened and thus the drop in voltage in the cables at startins 
is minimized. 

Starter Troubles — If, when the starter switch is closed, 
the starter fails to revolve, it may be due to any one of several 
causes, as follows: The battery may be almost discharged 
or entirely dead; there may be poor contact at the battery, 
switch or motor terminals ; the starting switch may not make 
good contact with the switch blades; the motor brushes may 
be stuck in. the brushholders and out of contact with the com- 
mutator. Any of these disarrangements would be likely to 
prevent the motor from starting, irrespective of the drive em- 
ployed. Of course, a "frozen" engine is another possible cause 
of failure to start. This may be due either to extremely low 




Fio. 294 — Delco Bbush Switch 



atmospheric temperature and the use of heavy cylinder oil, or 
to the motor having been greatly overheated during the last 
previous run. In the former case heating of the engine, as 
by filling the cooling system with boiling water, will overcome 
the trouble; in the latter case the piston can generally be 
loosened by pouring s(»ne kerosene into the cylinders and 
allowing it time to act. 

With a "frozen" engine the action of the starter Is some- 
what different, according to the method of drive. If the drive 
is through a train of gears remaining permanently in mesh, 
the starting motor will not turn at all. On the other hand, if 
there is a flywheel drive so that the pinion has to be enmeshed 
before the engine can begin to turn, the motor will rotate for 
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a moment before it becomes connected with the engine and 
if it can be heard revolving this indicates that the trouble is 
with the engine, rather than with the starter, although it does 
not prove this, as a weak battery might give sufficient current 
to turn over the motor idly, but not enough to enable the 
motor to start the engine. In all such cases it is therefore 
best to get out the starting crank and crank the engine by 
hand to see whether it turns over with only the normal 
resistance or whether it is frozen. 

Symptoms of Trouble — ^If the starter turns when the 
switch is closed, but the engine is not set in motion, and if a 
test with the hand crank shows the engine to turn over with 
the normal freedom, it may be due to the overrunning clutch 
slipping. This will sometimes occur if the clutch is improp- 
erly oiled or if clutch members, such as pawls or rollers, have 
broken. 

With systems employing flywheel drive, if the gears some- 
times mesh readily and at other times fail to mesh, the reason 
may be that the auxiliary switch contacts which close the 
circuit through the starting resistance do not make good con- 
tact, that the starting resistance is burned out or has loose 
or dirty connections. The result of any of these derangements 
would be that no current would flow through the motor with 
the switch in the intermediate x>osition, hence the motor would 
not turn over at low speed so the gears could be meshed 
easily. 

It will sometimes occur that a starting motor with auto- 
matic gear shift will continue to run after the engine has 
picked up. This is generally due to the fact that the switch 
return spring is not strong enough. 

With an automatic gear shift, if the starter rotates when 
the switch is closed but the engine does not it is a sign that 
the pinion is not drawn into mesh, which may be due to too 
tight a fit on its shaft or to marring of the gear teeth pre- 
venting proper meshing. Where a screw shift is employed 
a moderate amount of lubricant must be put on the starter 
shaft. 

In no case should the starter be run for any considerable 
time if the engine fails to pick-up, because this is a heavy 
strain on the battery. If the motor fails to operate there is 
something wrong with it and the cause of the trouble should 
be found and eliminated before the battery is run down. 
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Fuses, Lighting Switches, Wiring Fixtures 

and Wiring 

Fuses — There is always a possibility of a short circuit 
occurring in the car wiring, and as this would lead to an 
enormous current flow in the wires, the latter would 
quickly become heated and possibly fused. To obviate this 
a **weak link" is inserted in each circuit in the form of a 
fuse. The working element of a fuse is a short length of 
lead wire of a diameter depending upon the maximum cur- 
rent to be carried. If this current is materially exceeded, the 



Fig. 295 — ^Enclosed Type of 
Fuse 




lead wire fuses and the circuit is broken. In order to pre- 
vent the fused lead to be thrown about and possibly caus- 
ing an explosion, and also in order to permit of quick re- 
placement of "blown" fuses, the fuse wire is now enclosed 
in a glass tube with metallic ferrules at the ends. These 
are known as enclosed type fuses (Fig. 295). The trans- 
parent housing enables one to see at once whether the fuse 
is good or whether its fuse wire has been melted. 

Fuses are now made of standard capacities, for maximum 
currents of 10, 20 and 30 amperes. There are two standard 
sizes of fuses, viz., 1^ inch in length over all, with ferrules 
% inch in diameter, and 1% inches in length over all, with 
ferrules 13/82 inch in diameter. As regards the capacity rat- 
ing of fuses, the National Board of Fire Underwriters specifies 
that with the surrounding atmosphere at a temperature of 
75 degrees Fahrenheit they must carry indefinitely a current 
10 per cent, greater than that at which they are rated, and 
at a current 25 per cent, greater than the rating they must 
open the circuit without reaching a temperature which will 
injure the fuse, tube or terminals of the fuse block. With 
a current 60 per cent, greater than the rating and at a room 
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temperature of 75 degrees Fahrenheit, the fuses, starting cold, 
must blow within one minute. 

Fuses are held in metal fuse clips as illustrated in Fig. 296, 
which depicts a fuse block of Westinghouse manufacture. 
The clips must be so designed that the fuses cannot slip out 
accidentally and must be fastened to their base in such a 
manner that they cannot turn. Further, they must be ao 
designed that they cannot be sprung together or apart bo 
much that the material will take a permanent set. If bent 
together it would interfere with the insertion of the fuae, 
and if bent apart the clip would not hold the fuse firmly. 

AH circuits carrying current from the storage battery, with 




Fre. 296— Fuse Block 



the exception of the starter circuit, should be protected by 
fuses. There is no need for fuses in the starter circuit be- 
cause this circuit is closed only for very short periods; be- 
sides, the maximum value of the current that ought to fiow 
in this circuit and the time the current should flow are so 
indefinite that it would be difiicult to specify the capacity of 
a fuse which would give real protection to the battery, cir- 
cuit, etc., and not give constant trouble from blowing when 
there is nothing wrong with the wiring. 

The fuses must be inserted on the battery side of all 
switches and junction boxes. The reason for this Is that 
the closer they are to the battery the greater the protection 
they give. For instance, if the fuse blocks were located be- 
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yond thie switches and junction boxes, any short circuit in 
these devices would not cause the fuses to blow and the 
battery would not be protected. In laying out the circuits 
the fuses must be so located that the blowing of a single 
one will not extinguish all of the driving lights. It is ob« 
vious that if all lights were extinguished simultaneously on 
a dark road while the car was being driven at a good clip, 
considerable danger would be involved. It is also desirable 
that no matter what fuse blows there is always a live con- 
nection plug to which an inspection lamp cord can be at- 
tached. 

Lighting Switches — On a great many cars individual 
switches are used for each lamp circuit — one for the head 
lamps, one for the dimmer and one for the dash and tail 
lamps. The switches most generally used are either of the 
"push" type or of the "push-and-puU" type. Both of these 
switches are made in gangs of from 2 to 4. 

The mechanism of a push switch is illustrated in Fig. 297. 
From the center of the base A of insulating material rises 
a pressed steel pillar B to which is pivoted at about mid- 
height the pressing C in the form of a three-armed lever. 
One laterally extending arm of this lever carries the switch 
blade D which is insulated from it. The latter is adapted 
to make contact between two sets of contact blades secured 
into blocks carried by the insulated base and carrying ter- 
minal screws at the bottom of the base. The downwardly 
extending arm has its end bent at right angles and a coiled 
spring E hooked to it. The other end of this spring is an- 
chored to the top of the pillar B, whose end is bent over 
for the purpose. To the lateral arms of the triple armed 
lever are pivoted plungers FF which extend through holes 
in the switch cover. It will readily be seen that in the posi- 
tion shown the spring holds the switch firmly in the closed 
position ; but if the plunger which is now up is pressed down, 
as soon as the triple lever passes its central position, the 
spring pulls the other way, and thereafter it holds the switch 
firmly open. This "snap" feature is embodied in all lighting 
switches. It prevents the switch being left in a position 
where arcing would be likely to occur, that is with the blade 
and contacts in close proximity. This switch, as well as all 
others for the same purpose, has only two positions of equi- 
librium, viz., fully open and fully closed. 

Fig. 298 shows a sectional view of a "push and pull" 
type of switch, the Connecticut. It consists of a hollow 
cylindrical block of molded insulating composition. Into the 
bottom of the block are molded two brass blocks into which 
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two hard brass clips are soldered. A plus of insulating mate- 
rial with a brass tip extends through a bole in the brass 
cover plate, having a button head at its outer end. The brass 
tip of the plunger is rounded off and there are two circular 
grooves on the plunger, one in the brass and one in the com- 
position. When the plunger is pressed in, the "necked" por- 
tion of the clips bears on the insulating material of the 
plunger and the switch is open; when the plunger is pulled 




Fig. 297 — Mechanism of Push Swffch (H & H) 



out, the necked portion of the clips bears on the brass 
tip of the plunger and the switch is closed. In each case 
the necked portion of the clips rests in one of the grooves 
of the plunger, which latter is held firmly in each position and* 
passes with a decided snap from one to the other. Brass 
screw sockets for the binding screws and the screws holding 
the brass cover plate in place are molded into the composition. 
In the Gray & Davis switch, which is of the combination 
type, the fuses are placed on the rear of the switch, thus 
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doing away with a separate fuse block. Fig. 299 is a rear view 
of the switch, showing all the electrical connections. It will 
be seen that there are eight metal plates on the back of the 
switch which are divided into four pairs, each pair being 
connected together by a fuse. The letters on the back of the 
switch have the following meanings: B — battery; H — head- 
lights; S — flidelighta; R — rear light. From the four plates 
at the top, bottom and two sides, posts extend up into the 
switch box where they carry switch contacts. The spindle 
of the switch carries a number of switch blades that are 
insulated from it and from each other, which make connec- 



Fio. 298 — SEcnoNAL View or Push and Pull Switch 
(Connecticut) 

tion between diflferent posts in the different positions of the 
switch handle. 

Fig. 300 shows a gang switch as used with Delco systems 
for controlling both the lights and ignition. The individual 
switches are of the push-and-puU type and they are mounted 
on a plate which fastens to the instrument board or dash- 
board. The two switches on the right are for the ignition, 
connecting the circuit either to the storage battery or to an 
emergency battery of dry cells, respectively. The other three 
switches control the lighting circuits — one the tail light and 
cowl light circuit, another the head light circuit, and the 
third the dimmer resistance, which is incorporated in the 
switch. A lock is provided for the ignition switches. This 
consists merely of a metal block which by means of the key 
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can be slid back and forth behind the switch plate. In one 
position of the locking block the switches can be pulled out- 
ward through holes in the block, while in the other position 
of the blodc this is impossible, the stem of the switch then 




being in a slot of the block so narrow that the contact ring 
cannot pass through. 

Ground Retam and Insulated Return Wiring Systems — 
There are two general methods of wiring, known respectively 



366 t^USES, LIGHTING SWITCHES, ETC. 

as the fiTfound return and the insulated return, or the single 
wire and the double wire system. With the ground return 
system one terminal of the generator and the battery, as 
well as of each current consuming device, is grounded, while 
insulated wires connect the other terminal of each consuming 
device through a switch, fuse and possibly an ammeter to the 
current source. Hence the current, after flowing from the 
battery through the insulated wire to the consuming device, 
passes from it into the metal frame work of the car and re- 
turns through that to the battery. 

In the insulated return system, on the other hand, the 
current flows from the battery to the consuming devices 
through one wire and returns through another wire. One 
advantage of the ground return system that is immediately 
apparent is that with it only one-half as much wire is re- 
quired. The chief advantage of the insulated return system 
is that it affords better protection against short circuits. 
With a ground return system, if any portion of the insulated 
wire or any fitting becomes grounded, the battery is at once 
short circuited. On the other hand, with an insulated return 
system a ground on one side of the circuit does not cause any 
trouble. It is only when both sides of the circuit are grounded 
that a short circuit is produced. With a ground return 
system, if the gap between any exposed current carrying 
fitting and a part of the frame is accidentally bridged by a 
screw driver or other tool a short circuit rs caused. One 
important advantage of the ground return system is that all 
fittings designed for it, such as bulbs, bases and connector 
plugs, require only a single insulated contact and therefore 
can be made much more substantial. It is not possible to 
use a dash lamp and tail lamp in series on a ground return 
system. Or, perhaps it is more correct to say, if the dash 
lamp and tail lamp are to be connected in series, one of these 
lamps at least must be of a type designed for insulated return 
systems. Of course all the rest of the lamps can be wired 
on the ground return system. 

It is recommended by the Society of Automotive Engineers 
that the storage battery be grounded on the positive side and 
by only one conductor. This ground should be made in an 
accessible place by not more than a single screw or nut or 
else it should be made readily accessible by means of an 
accessible switch. The motor circuit usually has an insulated 
return, but if a ground return should be used the ground 
connections must be of a very substantial character on ac- 
count of the heavy currents to be carried. A good method of 
making the motor ground connection consists in riveting and 
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soldering a brass or copper plate to the frame, after the latter 
has first been thorou^^hly scraped. A terminal lug is sweated 
to the end of the cable and is then securely bolted to the 
plate. 

Wiring Systems — In Fig. 301 is shown a diagram of a 
complete installation wired on the ground return system. 
This is a 12-volt system and the head lights and side lights, 
both using 12-volt bulbs, are connected in parallel respectively. 
Owing to the advantage of having the tail light and dash 
light in series, these are provided with 6-volt bulbs and con- 
nected in series. This necessitates that one or the other of 
these two lamps be a two contact lamp as ordinarily used with 
insulated return systems. There are, therefore, really three 
lighting circuits and each of these is controlled by a switch 
and protected by a fuse. The circuit from the generator leads 
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Fig. 301 — Ground Return Wiring System. 



through the automatic circuit breaker, and the starter circuit 
is completed through the starter switch. No fuse is required 
in the starter circuit, for reasons already pointed out. An 
ammeter, if one is fitted, is inserted in the battery circuit 
just beyond the starter connection, and the ammeter will 
indicate both charging and discharging current except current 
passing into the starter. By connecting the ammeter between 
the battery terminal and the junction of the starter cable it 
could be made to indicate starting currents also, but these 
currents are so large as compared with the ordinary charge 
and discharge current that if the instruments were made with 
such a scale as to indicate these latter with a fair degree of 
precision, it would be likely to be injured by the heavy 
starting currents, and if it were made with a scale of sufficient 
range to comprise the starting current it would not show the. 
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ordinary charge and discharge currents with any degree of 
accuracy. 

A wiring system embodying the insulated return principle 
is shown in Fig. 802. The only differences between the two 
systems are that all fittings are of the t3rpe having two in- 
sulated contacts, two wires are run to each fitting^ instead 
of one, and no part of the system is grounded. 

Three Wire System — In Fig. 808 is shown what is known 
as the three wire system. A 12-volt battery is used, but all 
lamps are of the 6-volt type and are connected in series 
across the mains. In addition to the two main wires there 
is a third wire leading from the middle of the battery and 
connecting to the junction of each pair of lamps in series, 
except the tail and dash lamps. The advantage of the three 
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Fig. 302— Insulated Return Wiring System 



wire system may be explained as follows: A 12-volt battery 
is preferred, because if the same size of wire is used the 
energy loss in the cables is only one-fourth as great, or if the 
system is designed for the same energy loss much smaller 
wires can be used. But 12-volt lamps are not so reliable as 
6-volt lamps of the same candle power, because the filaments 
of the former must be longer and thinner. 

By connecting two lamps in series, 6-volt lamps can be 
used on a 12-volt battery, but if a filament in one of the bulbs 
fails, both lamps become extinguished simultaneously, which 
involves an element of danger. This is obviated by the three 
wire system. With this system. there is ordinarily no current 
flowing in the central wire, but if one filament breaks, or a 
fuse blows, the lamp in series with the one disabled receives 
its current through the third wire and continues to burn. 
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Inasmuch as the cells of the storage battery are then being 
discharged unequally it is not advisable to continue running 
in this way for any length of time, and the broken bulb or 
blown fuse should be replaced at the earliest opportunity. It 
will be seen that with this wiring system a fuse is needed for 
each lamp, instead of for every pair of lamps, as in the two 
previously described systems, and a cwo-pole switch instead of 
a single pole switch must be used for each pair of lamps. 

Fuses and Switches Required — In Fig. 304 is shown a sys- 
tem, which, while employing an insulated return, permits of 
the use of single contact lamp sockets and fittings. The two 
lamps of each pair are connected with their insulated ter- 
minals to opposite terminals of the battery and the other 
terminals of both lamps are grounded. This system, too, 
requires a fuse for each lamp and a double pole switch for 
each pair of lamps. If one bulb breaks or a fuse blows, the 
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Fig. 303 — Three Wire Wiring System, 



system becomes unbalanced, and if it happens to be a headlight 
that is thus incapacitated the chances are that the sidelight 
on that side of the system will be burned out as it will be 
subjected to a greatly increased voltage, while the voltage on 
the remaining two lamps will be reduced and they will burn 
dimly. While in this system one side of the fittings is 
grounded, an accidental ground on one side of the circuit will 
not involve the fire hazards that it would in a ground return 
system, for whereas in the latter system such a ground would 
short circuit the battery, in the former it would not. How- 
ever, a ground on one side of the line would throw the whole 
pressure of 12 volts across one set of 6-volt lamps and the 
bulbs of these lamps would burn out. Of course, the ground 
return system is partly protected against dangerous arcing 
in case of a short circuit by means of the fuses, and these 
should preferably be close to the battery, as the fuses give 
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no protection against short circuits on that part of the line 
between them and the battery. In some cases a special main 
line fuse is used in addition to the fuses in the separate 
circuits and inserted into the line close to the battery. 

Wiring diagrams shown in Figs. 102 and 103 are equally 
adaptable to 6-volt systems, by using 6-volt bulbs for head 
and side lamps and 8-volt bulbs for the tail and dash lamps 
or else using 6-volt bulbs for these lamps also and connecting 
them in parallel. 

S. A. E. Installation Specifications — Following are the spe- 
cifications for ground return electrical installations issued 
by the Society of Automotive Engineers : 

Use of Conduit. — Insulated conductors must be protected 
by metallic or non-metallic conduit outside of the insulation, 
except where otherwise protected from the elements, or where 
out of contact with metal surfaces. Such locations are inside 
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Fig. 304 — Two WntE System with Single Wire Fittings 



of the body or on wooden dash and instrument boards, or 
extending in a straight line between chassis and lamps. 

The preferred conduit for insulated conductors is a metal 
tube, either rigid metal or flexible metallic conduit. Where 
metallic conduit is not used the wires may be run in non- 
metallic conduit. 

Where conductors are run through flexible metallic conduit, 
the latter must be provided at any open end where wires 
project, with ferrules having rounded edges. 

The fit between the conductor and the ferrule should be 
sufficiently tight to exclude the free entry of water or oil. 

The ends of all conduit where exposed to weather must 
point downward, so that water will run out of, instead of 
into, the conduit. 

Where metal conduit is led to a connector it most be securely 
soldered, or permanently clamped to the plug, either inside 
or outside of a sleeve not less than ^ inch long. 
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Where wires are not protected with conduit they are to be 
cleated at intervals not exceeding 10 inches. Such cleats may 
be of metal with a layer of insulation interposed between the 
cleats and wire. 

Clearance. — When on wooden dashboard conduit is omitted, 
no wire shall be nearer to the exhaust pipe than 2 inches. 

Where conduit is used the minimum clearance between the 
exhaust pipe and the conduit shall be 1^/^ inches. 

A minimum clearance of ^ inch shall be securely main- 
tained between conduit and the nearest carburetor, gasoline 
pipe, gasoline tank, moving rod and moving lever. 

Grounding. — ^Wherever an insulated conductor is connected 
to ''ground," the connection shall be installed so as to be 
readily accessible and removable on the completed car. 

When the frame of the car is relied on as the ground re- 
turn, connections shall be made to the chassis frame, or to a 
substantial part firmly attached to the frame at two or more 
places, i. e., connections must be to chassis parts in contra- 
distinction to body parts. 

Conductors shall not be attached to the frame except by 
means of terminals soldered to them. The surface on which 
the terminals are fastened must be clean and free from oxide 
or paint. The terminals must be fastened to the frame by 
means of screws or bolts. 

Starting circuits should be run independent of "ground'' 
unless a substantial switch is placed in the ''ground" connec- 
tion circuit in an accessible place. The storage battery should 
be "grounded" on the positive side, and by only one conductor. 
This "ground" connection should be made in an accessible 
place by not more than a single screw or nut, or shall be 
made readily detachable by means of an accessible switch. 

Starting Cable. — If starting cable is connected to the frame 
the connection should be effected in a thorough manner, pre- 
ferably by riveting a suitable brass or copper plate to the 
frame, which should be first thoroughly scraped; soldering 
as well as riveting being recommended. The cable in turn 
should be sweated to a suitable terminal lug which is then 
clamped or bolted to said plate. 

All "grounds" should be installed so as to be readily acces- 
sible and removable on the completed car. 

Apparatus intentionally "grounded" in itself shall be so 
made that for inspection or test the "ground" can be opened 
without dismantling the apparatus. 

Connectors. — All connectors shall be so made that when 
disconnected the section which is alive will have all live parts 
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recessed 1/16 inch or more below the end of the shell of the 
connector. 

Springs used in connectors shall not be relied on to carry 
current. 

Protection Against Accidental Short Circuits, — All con- 
necting posts on fuse and junction blocks, or on instruments, 
generators, motors and switches which must necessarily have 
exposed live parts, shall be so constructed, recessed or in- 
stalled that an accidental short circuit cannot be effected 
with screwdrivers, pliers, wrenches or other tools used while 
making minor repairs or adjustments. 

Where live parts might be liable to accidental short circuits 
to adjacent metal, they must be provided with suitable in- 
sulating caps or bushings, or surrounded with a suitable 
insulating barrier; or the adjacent bare metal liable to be 
accidentally connected to them through repair tools, should 
be covered with insulating material. 

Battery. — The battery must be installed so that neither acid 
fumes nor overflow of water or electrolyte will cause serious 
leakage of current. 

Battery hold-down bolts, if connected to metal handles or 
other metal parts at the level of the top of the jars, must be 
insulated at at least one of their two ends. 

« 

Btdb Sockets. — Bulb sockets must be so made that the con- 
tinuity of the return path for current is not impaired when 
the lamp is subjected to vibration. 

In lamps, hinges shall not be relied on to carry current 
between the bulb socket and the battery. The train of con- 
nections must either be permanent or so spring-held that 
contact is maintained tight under vibration. 

Protective Devices. — No protective device need be installed 
in the starting circuit. 

The current to all lighting and signal circuits shall be 
passed through protective devices. 

Protective devices shall be on the battery side of switches 
and junction boxes. 

When fuses are used the circuits shall be so arranged that 
the blowing of a single fuse shall not extinguish all the 
driving lights, or prevent an inspection lamp being connected 
to a live circuit. 



Size of Wires — The size of wire to use is to a certain ex- 
tent a matter of judgment. For the starting circuit an ex- 
ceptionally heavy cable, equivalent to from No. to No. 4 
g. & S. gauge, should be used, and tb^ length should be kept 
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Fia 307 — Junction Box (Westinghousb) 

These boxes are mouldingB of inaulatin? composition with 
lids held an by two screws. The connectors are secured to 
the bases by machine screws screwed in from below and are 
each provided with two binding screws (three in the case 
of the junction box) to which the wires leading in and out 
of the box are fastened. 
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Battery Arrangement — Care and Maintenance 

of Systems 

The capacities of storage batteries employed with starting 
and lighting systems varies from 360 watt-hours for the 
smallest to 720 watt-hours for the largest cars. The larger 
the battery, the less it is affected by the shocks due to the 
heavy drafts of current in starting, but since the battery is 
necessarily heavy the capacity is usually chosen as low as 
practicable. A 6-volt, 60-ampere-hour battery weighs about 
45 lbs.» and a 6-volt, 120-ampere-hour battery, about 70 lbs. 
Twelve-volt batteries of the same watt-hour capacity weigh 
about 20 per cent, more than 6-volt batteries. With a larger 
battery there is less drop in voltage due to internal resistance 
and the engine, therefore, will be cranked at a higher speed. 
0. W. A. Getting in an S. A. E. paper on "Effects of Low 
Temperature on Starting'' gave the follcwing battery capaci- 
ties required with 6-volt systems and a starter gear ratio of 
about 10 to 1 : 
Cubic Inches Displacement Ampere-Hours 

Up to 125 70 

125 to 200 85 

200 to 250 100 

250 to 300 120 

300 to 350 140 

350 to 400 160 

400 to 475 180 

475 to 600 205 

I For starting' systems of higher voltage or gear ratios 
greater than 10 to 1, the battery size can be reduced pro- 
portionally. 

Batteries must be carried in a substantial box at a point 
not too far from the starter, but particularly where they 
can be inspected without too much trouble. Formerly the 
batteries were often carried on the running board in a pressed 
steel battery box, but fashion now decrees "clean running 
boards" and the battery is generally hung from the frame, 
underneath either the front or the rear floorboards. One 
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point that should be kept in view in selecting the location for 
the battery is that it must be protected against the heat from 
the engine as much as possible, as otherwise the electrolyte 
will evaporate very rapidly. Sometimes a shield is provided 
to deflect the hot air coming from the engine space, and it 
has been found that this materially reduces the frequency 
of electrolyte replenishment required. 

Mounting of Batteries — ^Batteries should not be mounted 
in such a manner that it is necessary to remove them from 
the car for replenishing the electrolyte. In some instances 
they have been slung underneath the frame in such a position 
that they could not be reached from above, and it was neces- 
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Fig. 307 — Holding Down Battery by Means of Bolts 



sary to loosen studs or bolts holding the battery to the car in 
order to let it down. This is very poor practice, as if the 
battery is hard to reach the chances are that it will be 
neglected and not be refilled until it fails to perform its 
service, when it has generally been damaged. Accessibility 
is the chief requirement in locating the battery, as the ten- 
dency is to neglect it even if it is accessible. 

If the battery is placed in a steel box it is well to 
provide it with wooden corners, as shown in Fig. 308. These 
comers serve as guides for the battery and to insure its 
ventilation. The bottom of the box should be made of wood 
or the battery should be placed on cleats fastened to the 
bottom of the metal box. This will serve to keep the bottom 
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of Uie battery dry, thus increasing the life of the retainer. 
Where the box is provided with a wooden bottom, the latter 
should be grooved and provided with holes, aa indicated in 
the diagram, to allow any overflow to run off. These wooden 
parts should be boiled in parafliii. In Fig. 808 the box is shown 
suspended underneath a convenient trap door in the floor of 
thecal. 
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Fig. 308 — Mounting Battery on Passenger Cab 



In order that the battery may be held rigidly in position, 
some means for clamping it down must be provided. Some 
batteries are now furnished with metal handles bolted to the 
battery container, the horizontal bar of this handle being 
provided with a notch adapted to take a hook for holding 
down the battery, aa shown in Fig. 307. 
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Special care must be given to the mounting of the battery 
on motor trucks, owing to the severe vibration, and some 
form of auxiliary spring suspension is desirable. This prob- 
lem has been neatly worked out by the engineering depart- 
ment of the Locomobile Co. of America, whose construction 
is shown in Fig. 309. Inside a pressed steel box are placed 
a pair of V-shaped pieces of strip iron, which are bolted to 
a pair of T section brackets outside the box. The extend- 
ing arms or webs of these brackets have holes drilled 
through them and pass over vertical bolts supported from 
a frame member. There are two coiled springs on each bolt 
and the bracket rests between these springs. 

General Care of Batteries — Owing to the fact that start- 
ing and lighting batteries are intended to be automatically 
kept charged, their care is somewhat different from that 
which must be bestowed upon batteries which are periodically 
brought to a charging station. There are chiefly two things 
to look after: 1, the battery cells must be kept filled with 
electrolyte and, 2, the battery must be kept charged. 

On receiving a battery from the factory or service station, 
the filling plug should be removed from each cell and a 
hydrometer test made to see about how much charge the cell 
holds. If the specific gravity is less than 1.25 the battery 
should be given a charge from an outside source. If the 
specific gravity is above 1.25 it is not necessary to charge. If 
the electrolyte does not cover the plates, either pure water 
or additional electrolyte should be added. It sometimes hap- 
pens in shipping the batteries that electrolyte is spilled from 
the cells and this, of course, must be replaced with additional 
electrolyte — sulphuric acid solution of about 1.25 specific 
gravity. On the other hand, if the loss of electrolyte is due to 
evaporation, it should be made up with rain water or distilled 
water. If much water or electroljrte has to be added in this 
manner, the battery, after being refilled, should be given . a 
charge at a low rate, until the specific gravity of the electro- 
lyte of each cell as well as the voltage shows no increase dur- 
ing a period of several hours. After this charge has been 
completed it is well to take another hydrometer reading of 
each cell and to correct the specific gravity by adding pure 
water if it is too high, or electrolyte of 1.30 specific gravity 
if it is too low, the desired specific gravity in most cases 
being between 1.27 and 1.285. After replenishing the electro- 
lyte the battery case should be wiped off with cotton waste 
dipped in ammonia to remove any water or electrolyte that may 
have been spilled. The battery is then ready for installation 
m the car. 
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In regular service the height of the electrolyte in the cell 
should be observed at regular intervals, and the electrolyte 
replenished if necessary. In regular use it is seldom that any- 
thing but distilled or rain water has to be added, as all loss 
is by evaporation, and only the water evaporates. If one 
cell regularly shows a greater loss than the rest, it indicates 
that the cell is leaking and that it must be replaced with a 
new one. Loss by evaporation, of course, is most rapid in 
hot weather. After replenishing the electroljrte the filling 
plugs must be screwed down tightly, for if this is neglected 
the electrolyte is apt to flow out of the cells, especially during 
charge. 

Making Hydrometer Tests— Generally the brightness of 
the lamps when the generator is not running gives ah indica- 
tion of the state of charge of the battery, but it is, neverthe- 
less^ a good practice, to take hydrometer readings frequently 
so as to ascertain the state of charge of each cell. In making 
such tests it is well to follow the conventional practice of 
starting with the cell at the positive end. The tester should 
always make sure that electrolyte taken from one cell for the 
purpose of a hydrometer test is returned to that same cell 
and not to another one. Failure to observe this simple precau- 
tion often leads to trouble, as if the electrolyte drawn from 
one cell is not returned to it, but is later on replaced by dis- 
tilled water, the specific gravity of the electrolyte in that 
cell is reduced and the specific gravity of the electrolyte in 
the other cell is increased, thus disturbing the balance be- 
tween the different cells. Water can conveniently be added 
by means of a hydrometer syringe. 

Whenever hydrometer readings show the battery to be in 
a low state of charge, it should be charged either by run- 
ning the engine while the car is standing still or by taking 
the battery to a charging station. Hydrometer readings 
should not be taken immediately after water has been added 
to a cell, as the solution is then not of uniform density. Or- 
dinarily hydrometer readings are taken before water is added 
and after the battery has been charged. 

Batteries Not Holding Charge — One very frequent trouble 

with the storage batteries of lighting and- starting systems 
is that they do not remain in a state of charge or will not 
"hold the charge." This is due to a variety of causes. In 
the first place it is possible that the car is being driven 
under such conditions that the generator very seldom runs at 
charging speeds, whereas a great deal of current may be taken 
from the battery unless the charging rate of the system is 
adjustable. There is no other remedy for this trouble than 
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to change the conditions of operation, that is, drive the car 
more at high speed, make fewer starts and use the lights 
more sparingly. One common cause of batteries refusing to 
hold the charge is that they have been neglected and allowed 
to sulphate. This often occurs when the batteries are first put 
into service. If a considerable interval of time elapses after 
they are shipped from the factory until they go into service 
on the car, they are in a low state of charge, and unless they 
are brought up to full charge before being placed in regular 
service on a car they are likely to give trouble at an early 
date. Sometimes cars with starting and lighting outfits are 
kept in a dealer's show room for several weeks and even 
months, the battery being allowed to run down, and when a 
car is delivered to a customer the battery is in bad condition. 
When a battery has become incapacitated by having been 
allowed to remain in a discharged condition for a considerable 
period of time, the only way to restore it to a condition of 
serviceability, is to give it a long continued charge at a very 
!ow rate. During this charge frequent hydrometer readings 
are taken, and the specific gravity of the electrolyte will 
sometimes continue to increase for several days. As long as 
the gravity increases the charge is continued. In most or- 
dinary cases a battery can be rejuvenated in two or three 
days, but in aggravated cases it will take as long as fourteen 
days to get a battery back to its normal capacity. 

Care of Storage Battery in Winter — Many cars equipped 
with starting and lighting systems are placed out of com- 
mission during the winter season and care must then be taken 
not to let the storage battery deteriorate during this period. 
The battery gradually loses its charge by leakage, and as the 
sulphate formed on the battery plates during discharge be- 
comes hardened if the battery is allowed to stand in the dis- 
charged condition, it must be given a charge at regular in- 
tervals. If the car is stored in a place where it is readily 
accessible, perhaps the best plan is to run the engine once 
every two weeks for a sufficient length of time to bring the 
battery up to full charge as indicated by hydrometer test. 
In most cases one hour's running every two weeks will be 
sufficient to keep the battery in good condition. 

If the car is stored so it cannot readily be gotten at, it is 
well to remove the battery from the car, and to either charge 
it from house mains by means of an installation as described 
in connection with ignition batteries, or else bring it to a 
charging station. If the battery is charged through a lamp 
resistance from direct current mains or through a rectifier 
from alternating current mains, a charge over night or for 
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about 12 hours every two weeks will be sufficient to keep it 
in good condition. Before every such charge the height of 
the electrolyte should be observed, and be corrected if neces- 
sary. 

One reason for keeping storage batteries in a fair state of 
charge during periods of idleness in winter time is that a 
dilute solution of sulphuric acid as found in a discharged bat- 
tery freezes at about zero Fahr., whereas a solution of the 
density found in a fully charged battery never freezes at any 
temperature encountered in this latitude. A curve of freezing 
temperatures of sulphuric acid solutions of different densities 
is shown in Fig. 310. To prevent injury from freezing, it is 
advisable after water is added to a battery in cold weather, 
to immediately start the engine and charge the battery for a 
while, for, since the water is of lower specific gravity than the 
solution, any water added will remain at the top of the cell 
and may freeze if the temperature is sufficiently low. To 
obviate any chance of trouble from freezing it is best to store 
the batteries in a room in which the temperature does not 
fall below 40 degrees Fahrenheit. The room should also be 
dry so as to minimize leakage of current. 

In describing the different elements of lighting and start- 
ing systems most of the ailments which these elements are 
heir to have been enumerated and their symptoms and reme- 
dies pointed out. It will be well, however, now to take the 
electric system as a whole and consider various symptoms of 
trouble and the location and elimination of these troubles. 

Lamps Bum Dimly — The most frequent trouble in operat- 
ing an electric lighting system is probably that the lamps, 
upon being switched on, burn dimly. If this occurs while the 
engine is at rest so that the lamps can draw current only from 
the battery, it shows that the battery is in a low state of 
charge. This may be due either to natural causes, such as 
heavy consumption of current in consequence of extensive 
night driving and little opportunity for charging, or it may be 
due to defects in the battery, the generator, the regulating or 
wiring system. If there is nothing else wrong than that the 
battery has been carelessly allowed to become discharged, 
then as soon as the engine is started and run up to a speed 
where the automatic battery switch closes the circuit, the 
lights will flash up brightly. 

The symptoms would be the same, however, if the battery, 
instead of being discharged due to unfavorable conditions of 
car operation, had become defective in some way. For in- 
stance, if the electroljrte had been allowed to evaporate, so 
that, say, only one-half of the plates was covered, or if the 
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battery had been allowed to stand in the discharged condi- 
tion so that its plates had become covered with sulphate, then 
the capacity would be greatly reduced, as would be the charg- 
ing rate with some systems of control. However, if the lights 
burned dimly for the first time it would be safe to assume that 
nothing was wrong with the battery other than that it needed 
a charge, which should be given it as soon as conditions 
permit. 

No Current from Generator — ^Now assume that when the 
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Figs 310— Freezing Temperatures of Battery Electrolyte 
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engine is started and run up to speed there is no change in 
the brightness of the lamps. Then, evidently, no current 
from the generator reaches the lamps. This may be due 
either to failure of the generator to generate, to a break in 
the circuit somewhere or to a short circuit. 

In such a case the best plan is to first investigate whether 
or not the generator is generating, and for this purpose a low 
scale voltmeter is very handy. Applied to the terminals or 
the brushholders of the generator it will indicate not only 
whether the generator is generating, but the exact voltage it 
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is producing. If no voltmeter is available the i;erminals of 
an inspection lamp may be applied to the brushes and the 
lamp will light up if the generator generates. 

If it is found that the generator works prop^ly, and yet 
no current reaches the lamps, it can only be due to failure 
of the automatic switch to close the circuit or to some defect 
in the wiring. The automatic switch should first be examined. 
This, if of the electromagnetic type, is operated by a circuit 
connected in shunt to the generator. If this circuit should 
be broken at any point no current could flow, and the switch 
could not act. The circuit would most likely be interrupted 
at one of the connections, which may have shaken loose, 
and it would be a good plan to examine all binding posts and 
connectors for looseness. If this does not disclose the defect, 
and if it has been shown that the generator is working prop- 
erly, see whether the core of the automatic switch is ener- 
gized, which can be done by bringing a piece of soft iron or 
steel, such as a knife blade, near it. If there is no magnetic 
attraction on the knife blade, etc., then no current flows 
through the switch coil and a further search for a break in 
the circuit (or possibly a short circuit) should be made. On 
the other hand, if the test shows the core of the switch to be 
magnetic and yet the generator main circuit is not closed, 
then the defect must be mechanical; that is, the switch arm 
must not be free to move. It should be examined and any 
fault corrected. 

Generator not Generating — Now suppose that the test of 
the generator showed that it was not producing current, then 
the next thing to do would be to locate the cause of this 
trouble. That, of course, must be inside the generator itself. 
The natural thing to do would be to first suspect the current 
carrying wearing parts, that is, the commutator and brushes. 
There may be poor contact between the brushes and the com- 
mutator which may be due to (1) dirt or oil on the commuta- 
tor, (2) brushes stuck in brushholder, (3) brushes worn too 
short, (4) wearing surface of commutator rough on account 
of loose segments or projecting mica plates, (5) brush spring 
broken or displaced. 

First examine the brushes that they are free in the brush- 
holders and are pressed against the commutator with ade- 
quate force. It should be borne in mind that the brushes per- 
form a very important part in the operation of the generator 
and that not any kind of brush will do. The material must 
have low electrical resistance, a low coefficient of friction, 
must not be so hard as to wear the commutator out too 
quickly nor so soft as to wear itself excessively. In purchas- 
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Ing new brushes care should therefore be exercised to see 
that they are of good quality. 

It has already been pointed out that when the commutator 
shows signs of roughness it should be smoothened with fine 
sandpaper (not emery cloth) by a method described in a pre- 
vious chapter. Lubricant should be applied to the commuta- 
tor sparingly, if at all. A little lubricant is of benefit, as it 
prevents squeaking and cutting, but inasmuch as ''green'' 
operators are very apt to use lubricant to excess, and as this 
causes no end of trouble, some makers advise against the use 
of any lubricant whatever. A little machine oil may be put on 
with the tip of the finger, or a stick of commutator compound 
may be lightly applied to the surface of the revolving com- 
mutator. If deep grooves have worn into the commutator, or 
if it is otherwise very rough, it should be turned down in a 
lathe. 

Electrical Defects in Generator — ^If the commutator on in- 
spection shows no mechanical defects, or if after the com- 
mutator has been smoothened and cleaned the generator still 
fails to generate, the chances are that the trouble is due to 
some electrical defect either in the commutator or armature. 
One or more of the commutator segments may be grounded or 
short circuited, armature leads may have become disconnected 
from the commutator lugs, or the armature coils may be 
grounded or short circuited. A ground can easily be detected 
by applying test points as shown in Fig. 312 to a portion of 
the armature winding or a commutator segment and to the 
armature shaft respectively. If the lamp lights up there is a 
ground somewhere on the armature or commutator. Short 
circuits in the commutator can be detected by means of test 
points only after all the armature leads have been discon- 
nected, the same method being used as for grounds, except 
that the ends of the wire are always applied to adjacent com- 
mutator bars. 

Tests Points — The test points illustrated in Fig. 312 are 
readily made by any mechanic. The points proper consist 
of %-inch or 5/16-inch steel rods with one end sharpened to 
a point. A small hole is drilled centrally into the other end 
and into this the end of the wire is soldered. This wire is 
preferably lamp cord, and the wires from the test points 
are connected into an incandescent lamp circuit, as shown. 
Short lengths of fiber tube are forced over the test points. 
They serve as convenient insulating grips and also prevent 
the wires from breaking where they join to the steel rods. 

Such test points are of great service in testing out elec- 
tric circuits and apparatus. If the lamp lights up when 
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the points are touched to any two metallic parts, these 
parts are in metallic connection, or, in other words, the 
circuit between them is complete. If the lamp does not 
light up, then there is no circuit between the parts touched. 
In this way tests can be made for open circuits, grounds 
and short circuits. 

Some electricans prefer an audible to a visible signal and 
make use of a testing buzzer. The outfit consists of a 
wooden box containing two dry cells connected in series, 
with a buzzer mounted on top of the box. For quickly test- 
ing a large number of parts in bright daylight the buzzer is 
probably better than the lamp, as the lighting up of the 
lamp then is not so noticeable. 




Fig. 312 — ^Testing Points and Their Method op Connection 



However, if a milli-voltmeter is available "shorts" in the 
commutator or armature coils can be located without discon- 
necting the armature leads from the commutator. The 
method is as follows (Fig. 318) : Apply the wires from a 
dry cell to diametrically opposite commutator bars. Then 
apply the milli-voltmeter points to adjacent commutator bars 
successively all around the commutator. The voltmeter read- 
ings between all pairs of adjacent commutator bars should be 
the same. If the voltmeter shows no voltage drop between 
any pair of bars, then there is a short circuit between them; 
if the reading is less than that between the other pairs of 
bars, then part of the armature coil between these bars is 
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short circuited. If the milli-voltmeter shows no reading be- 
tween a number of pairs of adjacent bars and the full voltage 
of the cell between another pair of bars, then the coil between 
these latter bars is open. 

If the armature has become grounded or burned out (which 
latter defect can easily be detected by a careful inspection of 
the windings) it must be sent to an electrical repair shop for 
rewinding. 

Open Field Circuit — Failure to generate may also be due to 
a break in the main field circuit* To determine whether the 
field circuit is complete, open the armature circuit by remov- 
ing one of the brushes and run wires from the battery or 
from the battery connections on the junction box to the ter- 
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Fig. 313 — Testing Armature Coils for "Shorts" 



minals of the shunt winding. If the shunt circuit is complete 
a bright spark is produced when the circuit is broken, owing 
to the self-induction of the field circuit. 

Some users of systems comprising no ammeter or charging 
indicator, in order to determine whether the generator is gen- 
erating, disconnect one of the battery leads and see whether 
the lights keep on burning. While this practice is permissible 
with some systems, it is inadvisable with others in which the 
storage battery constitutes the voltage control element, as 
with such systems the voltage is likely to rise beyond the nor- 
mal voltage of the bulbs and burn them out. If the test is 
made at all it should be made with the engine running at a 
speed only slightly above that at which charging begins. 
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It is obvious that when all lamps burn dimly or not at all 
the trouble must be with the source of current or somewhere 
in the main line, whereas if defective operation is limited to a 
single consuming device or set of consuming devices the cause 
of trouble must be either in them or in their individual cir- 
cuits. This consideration sometimes helps in locating troubles. 
If a single lamp fails to bum while all the others light up 
properly the filament of the bulb is probably broken or there 
may not be good electric contact in the socket. Short circuits 
and grounds in the wiring, if the installation is made in ac- 
cordance with the S. A. E. recommendations, printed else- 
where, are extremely unlikely, as the insulation of the cables 
is fully protected both against mechanical injury and against 
oil and other solvents of rubber. However, there are some 
cars running in which the wiring is not carried in protecting 
tubing as required by the S. A. E. specifications, but is sub- 
ject to the destructive action of oil accumulations, to abrasion 
due to insecure support and to accidental injury by tools, etc. 
In such cases short circuits and grounds are very apt to occur, 
especially after the car gets old, and are a prolific cause of 
trouble. If any of the wiring is in a part of the car where 
oil is constantly leaking, the insulation will rot off, and if it is 
replaced it is best to use wire having a protective braiding or 
coat of enamel, or else the wire should be enclosed in circular 
loom at this point. 

It is never a good plan to waste current unnecessarily, as 
by burning the headlights while the car is at a standstill, 
because it is not as bad to overcharge the battery as to under- 
charge it, and in most systems and under most conditions of 
operation there is a tendency to undercharge. One practice 
that is to be strongly deprecated is to start the car or run the 
car on the electric starter. It is obvious that more current is 
drawn from the battery by the starter if the latter, instead 
of merely starting the engine, must start the car besides. The 
service of a starting battery is quite severe enough under the 
most favorable conditions, and there is no sense in aggravat- 
ing it in any way. In starting, if the engine fails to pick up 
its cycle after it has been cranked a reasonable time, it is 
foolish to continue cranking, as this will result only in the 
exhaustion of the battery. In such a case the starter should 
be stopped and the fuel and ignition systems be examined with 
a view to locating the cause of the trouble. 
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• SPECIFICATIONS FOR HEADLIGHT TESTS* 

For the purpose of test the intent of the New York State law 
dealing with automobile headlights and providing thsft front lights 
shall be so arranged, adjusted and operated as to avoid dangerous 
glare or dazzle, and so that no dangerous or dazzling light, pro- 
jected to the left of the axis of the vehicle when measured 75 feet 
or more ahead of the lamps, shall rise above 42 inches on the 
level surface on which the vehicle stands^ such front lights shall 
be sufficient to reveal any person, vehicle or substantial object on 
the road straight ahead of such motor vehicle for a distance of at 
least 200 feet, is deemed to be complied with if the following con- 
ditions are fulfilled: 

1. Any pair of head lamps under the conditions of use must pro- 
duce light which, when measured on a level surface on which the 
vehicle stands at a distance of 200 feet directly in front of the 
car and at some point between the said level surface and a point 42 
inches above this surface, is not less than 1200 apparent candle- 
power. 

2. Any pair of head lamps under the conditions of use shall 
produce light which, when measured at a distance of 100 feet 
directly in front of the car, and at a height of 60 inches above the 
level surface, on which the vehicle stands, does not exceed 2400 
apparent candlepower, nor shall this value be exceeded at a greater 
'height than 60 inches. 

3. Any pair of head lamps under the conditions of use shall pro- 
duce light which, when measured at a distance of 100 feet ahead 
of the car, and 7 feet or more to the left of the axis of the same, 
and at a height of 60 inches or more above the level surface, on 
which the vehicle stands, does not exceed 800 apparent candlepower. 

Conditions of Laboratory Test — In order to determine whether 
any particular device conforms to these requirements, it shall be 
subjected to laboratory tests according to the following specifica- 
tions: 

Number of Samples. — ^Two pairs of samples of the device sub- 
mitted shall be subjected to test. In the case of front glasses, the 
sample shall be of 9% inch diameter, when practicable. 



*As required under tbe New York State vehicle lighting law. 

891 



392 APPENDIX 

Reflectors and Incandescent Lamps — ^The reflectors used in con- 
nection with the laboratory tests shall be of standard high-grade 
manufacture of 1.25 inch focal length, with clean and highly pol- 
ished surfaces and as nearly truly paraboloidal in form as prac- 
ticable, and as approved for this purpose by the National Bureau 
of Standards. 

The incandescent lamps used in connection with the laboratory 
test shall be of standard high-grade manufacture and as approved 
for this purpose by the National Bureau of Standards. 

Adjustments by Manufacturers' Representative — ^The manufac- 
turer of the device shall be given due notice of the date and place 
of test. Maniffacturers' representatives present at the test shall 
be privileged to adjust their devices in any way which represents 
an ordinary and legitimate adjustment, including tilting the lamps 
or reflectors, which can be carried out by purchasers of the device, 
or such adjustment may be made by the laboratory expert acting 
on the instructions of the manufacturer. The character of the 
adjustments so made shall be carefully noted and stated in the 
report as manufacturer's adjustment. 

Tests — The tests shall be as follows: 

Test 1. Four-point test of pairs of samples. 

A pair of testing reflectors, mounted similarly to the head lamps 
on a car, shall be set up in a dark room at a distance of not less 
than 60 feet nor more than 100 feet from a vertical white screen. 
If a testing distance of 100 feet is taken, the reflectors shall be 
set 28 inches apart from center to center, and if a shorter testing 
distance is taken, the distance between reflectors shall be propor- 
tionately reduced. The axes of the lamps shall be parallel and hori- 
zontal, or tilted in accordance with the manufacturers' adjust- 
ment. The intensity of the combined light shall then be measured 
with each pair of samples in turn, with the reflectors fitted with a 
pair of each of the following types of incandescent lamps, in turn. 

(1) Vacuum type, 6-8 volts, 17 mscp., G-12 bulb. 

(2) Gas-filled type, 6-8 volts, 20 mscp., G-12 bulb. 

The lamps shall be adjusted to give their rated candlepower. 
Measurements shall be made at the following points at the surface 
of the screen: 

A. In the median vertical plane parallel to the lamp axes, on a 
level with the lamps. 

B. In the same plane one degree of arc below the level of the 
lamps. 

C. In the same plane one degree of arc above the level of the 
lamps. 

D. Four degrees of arc to the left of this plane and one degree 
of arc above the level. 

In an acceptable device both pairs of samples shall conform to 
the following specifications for observed apparent candlepower. 
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Points A and B. At at least one of these points the apparent 
candlepower shall not be less than 1200. 

Point C. The apparent candlepower shall not exceed 2400. 

Point D. The apparent candlepower shall not exceed 800. 

Provided, however, that if the test indicates that a device which 
is unacceptable with either of the test lamps will come within the 
specifications with lamps of another candlepower or of the other 
type, the device may be passed with corresponding limitations as 
to the incandescent lamps to be used in connection with it. Test 2. 
Complete test of single sample. 

A single sample taken as an average representative of the device 
as manufactured, shall be submitted to a complete test with a 
vacuum incandescent lamp of 17 candlepower, 6-8 volt rating in a 
G-12 bulb. This test shall show its light distribution characteristic 
by actual measurements made according to recognized and exact 
methods. 

Distribution of Samples — One pair of the samples submitted shall 
be retained by the testing laboratory for purpose of future refer- 
ence and as sample of construction, and the other pair shall be 
returned to the office of the Secretary of State. 

Report— The report of the tests shall be rendered in duplicate 
to the Secretary of State, and shall be signed or initialed not only 
by the expert making the test, but also by an executive officer of the 
institution making the test. 

It shall include a statement by the testing laboratory as to 
whether the device when properly applied substantially complied 
with Section 286 of the Highway Law and shall suggest the max- 
imum candlepower to be used with the same, and as to the other 
conditions necessary in the operation of the device, in such a way 
that it will comply with the requirements of this specification. 



Head Lamp Lighting Nomenclature (S. A. E.) 

Light refers to the luminous radiation emitted from the head 
lamp, and may be divided as follows: 

Direct Light is the light emitted directly from the filament and 
emerging from the head lamp. 

Stray Direct light is the light unintentionally changed in direc- 
tion by the reflection from bulb parts. 

Direct Reflected Light is that part of the light emerging from 
the head lamp which has been specularly reflected by the reflector 
in the form of a defined beam of light. 

Stray Reflected Light is Stray Direct Light which has been spec- 
ularly reflected by the reflector. 

Diffused Reflected Light is that part of the emitted light which 
has been diffusively scattered by the reflector owing to imperfec- 
tions of the reflecting surface. 
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Light Cone is the solid angle of light emitted in the form of a 
cone by the head lamp, and is subdivided for reference as follows: 

Direct Cone is the direct and stray direct light from the incan- 
descent lamp passing through the front glass. 

Direct Reflected Beam Cone is that cone of light formed by the 
blending of all cones which are produced by the reflected images 
of the filament and which cones emanate from all points of the 
reflector upon which light falls. The cone produced in this manner 
includes only the direct reflected light. 
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Fig. 314 — Headlamp Nomenclature 



Scattered Light Cone is that cone of light formed by the blending 
of all direct, stray direct, stray reflected and diffused reflected 
light passing through the front glass. 

The Lamp Door is the front cover of the Lamp Housing, regard- 
less of the method of attachment. 

The Lamp Housing is that portion of the lighting units which 
forms the exterior shell or case. 

The Lamp Socket is the receptacle which receives the electric 
incandescent lamp base. 
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The Lamp Socket Adjiutmeiit is the device for regulating the 
position of the Lamp Socket with reference to the reflector. 

The Prop or Props are that portion of the Lamp Housings by 
means of which a lighting unit is fastened to its supporting bracket. 

(a) The Reflector Apex is that portion of the reflector to the ex- 
treme rear. 

(b) The Reflect4» Rim is that portion which retains the reflector 
in place and which forms no part of the reflecting surface. 

(c) The Reflecting Surface is that portion of the reflector be- 
tween the apex and the rim which receives and redirects rays of 
light. 

The Reflector Support is the means by which the reflector is 
retained in a permanent position. 
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FlQ. 316 — lONtnON DlSTRIBUTOIt MOUNTING (S. A. E.) 

Electric Incandescent Lamp Voltage (S. A. E.) 
Number of storage battery cells in system.. 3 4 6 9 

Nominal voltage of electric incandescent 
lamps 6-8 8-10 12-16 18-24 



Bulb Sizes (S. A. E.) 

Spherical bulbs used in head lamps shall be no smaller than 1^ 
in. diameter nor larger than 2 1/16 in. diameter. 

Spherical bulbs used in side himps shall be no larger than 1 in. 
diameter. 

Spherical bulbs used in rear and instrument lamps shall be no 
larger than % in. diameter. 
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Insulated Cable for Gasoline Cars (S. A. E.) 

Class A — Rubber-Compoand Insulation (Secondary Cable) — ^Thia 
insulation shall consist of a vulcanized rubber compound, not pre- 
viously used, containing^ not less than 30 per cent by weight of 
good Hevea rubber that will withstand the tests outlined in the 
following paragraphs. 

Physical Tests — A test-specimen of rubber compound having a 
length of not less than 6 in., taken from a cable, shall have marks 
placed upon it 2 in. apart. The sample shall then be stretched at 
the rate of 12 in. per minute until these marks are 6 in. apart; 
the test-specimen shall then be released within 5 sec. and the mea- 
surement taken 1 min. thereafter, when the distance between these 
marks shall not exceed 2% in. The test-specimen shall then be 
stretched until the marks are 9 in. apart before rupture. This 
test shall be made at a temperature of not less than 10 deg. C. 
(50 deg. Fahr.). 

The ultimate tensile strength of the rubber compound shall not 
be less than 1000 lb. per square inch, calculated upon the original 
cross-section of test-specimens before stretching. This test shall 
be made at a temperature of not less than 10 deg. C. (50 deg. 
Fahr.). 

Electrical Tests— Each specimen of rubber insulated cable shall 
successfully withstand a voltage test of 12,000 A. G. for 5 min. 
after 12 hr. submersion in water and while still immersed. After 
the voltage test the cable, while still immersed, shall have an in- 
sulation resistance of 2500 megohms per mile at 15.5 deg. C. (60 
deg. Fahr.) after 1 min. electrification. These two tests shall be 
made in accordance with the Standardization Rules of the Amer- 
ican Institute of Electrical Engineers. 

Any 1-ft. sample of this rubber insulated cable must show a 
dielectric strength sufficient to resist for 5 min. the application of 
20,000 volts A. C. This test shall be made as specified in the 
National Electric Code. 

Life Test of Cable— The following aging test should be made to 
determine the life of the cable. Take a length of cable, preferably 
5 ft., remove insulation from both ends, solder one end of the cable 
to the end of a steel rod of same diameter as outside diameter of 
cable, wrap the cable tightly around this rod and solder the other 
end of cable to the rod so that it will retain its tightly wrapped 
condition. Leave exposed in this condition to the elements. If 
cable is not properly compounded and properly vulcanized, deteri- 
orating effects, such as hardening, becoming brittle and cracking, 
will be apparent in from one to three months. 

Sizes with Cotton-Braid Covering — Secondary cable is to be made 
in two sizes with overall diameters of 7 and 9 mm. for plain rubber 
insulation. If a varnished cotton-braid is desired the same dimen- 
sions are to be used with the addition of glazed cotton braid ap- 
proxiniately 1/64 in. thick making the overall diameters approxi- 
mately 5/16 and 25/64 in. The braid is to be treated with at least 
two coats of insulating varnish dried separately. 
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Bnbber-Compouiid Insulated Secondary Cable 



Nominal Siie 
7 mm. 
mm. 



Nmnberof 
Wires 

26 

37 



Diameter of 
Wires 

.010 in. 

.010 in. 



Circular Mils 
in Cable 

2600 

8700 



Nominal Size 
7 mm. 
nmi. 



Diameter 
Over Wire 

.065 in. 

.072 in. 



Diameter Over 
Rubber (Max.) 

.280 in. 

.360 in. 



ThicknesBof 
Rubber (Min.) 

.100 in. 

.125 in. 



Class B — Rubber-Compound and Fabric Insulation (Primary 
Cable) — ^This insulation shall consist of a rubber compound and 
two tiiicknesses of fabric. The compound is to be evenly applied 
in thickness and must conform to the physical and electrical re- 
quirements of the National Electric Code (1915 edition). 

The rubber compound is to be covered first either with an over- 
lapping strip of varnished cambric .008 to .010 in. thick, or a cotton 
braid at least 1/64 in. thick, so saturated as to make it oil- and 
moisture-proof. 



Cable No. 


No. of 
Wires 


Dia. of 
Wires, In. 


Nominal Gage 
of Wires 


Circular Mils 
in Cable 


14 


41 


.0100 


30 


4,100 


12 


49 


.0113 


29 


6,208 


10 


49 


.0142 


27 


9,854 


2 


133 


.0226 


23 


67,764 


1 


133 


.0254 


22 


85,466 





133 


.0285 


21 


107,743 


00 


133 


.0320 


20 


135,926 


Cable 
No. 


Carrying 

Capacity, 

Amp. 


Diameter 

Over Wire, 

In. 


Diameter 
Over Braid 
(Max.), In. 


Thickness 

Rubber 

(Min.), In. 


14 


• • • • 


.080 


.22 


Xi 


12 


• • • • 


.102 


.25 


Hs 


10 


• • • • 


.128 


.27 


Ki 


2 


92 


.340 


.53 


Xi 


1 


102 


.380 


.60 


Hi 





127 


.427 


.65 


M. 


00 


150 


.480 


.71 


Me 













Strandinsr: Number 14 to be bunched ; numbers 12 and 10 to be bunched 
3r ro];>e lay ; numbers 2, 1, 0, 00 to be rope lay. 
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The Arst fabric is to be covered with an outer braid of strong 
protective character and at least 1/64 in. thick, preferably glazed 
and treated with at least two coats of insulating varnish dried sep- 
arately. 

Test Voltage — The completed cable shall be capable of withstand- 
ing for 1 min. 1000 volts A. C. applied between the copper conductor 
and a metal foil wrapped around the outside of the insulation. 
The frequency of the test circuit shall be in accordance with the 
Standardization Rules of the American Institute of Electrical En- 
gineers. 

Class C— Varnished Fabric Insulation (Primary Cable)— -This in- 
sulation shall consist of either two or three layers of varnished 
cambric tape as specified in the table below, each layer from .008 
to .010 in. thick. 

The tape shall be covered with one closely woven cotton braid 
at least 1/64 in. thick, so treated as to be oil- and moisture-proof 
and with one closely woven outer braid at least 1/64 in. thick, of 
good strong protective character, preferably glazed, and treated 
with at least two coats of insulating varnish dried separately. 



Fabric Insulated Primary Cable 



Cable 


Number 


Diameter of 


Nominal Gage 


Circular Mils 


No. 


of Wires 


Wires, Inches 


of Wires 


in Cable 


14 


41 


.0100 


30 


4,100 


12 


49 

• 


.0113 


29 


6,208 


10 


49 


.0142 


27 


9,854 


2 


133 


.0226 


23 


67,764 


1 


133 


.0254 


22 


85,466 





133 


.0285 


21 


107,743 


00 


133 


.0320 


20 


135,926 




Carrying 


Dia. Over 


Dia. Over 






Cap. 


Wire, 


Braid 


Layers of 


Cable No. 


Amp. 


In. 


(Max.) In. 


Cambric 


14 


• • • • 


.080 


.200 


2 


12 


• • • • 


.102 


.230 


2 


10 


• • • • 


.128 


.250 


2 


2 


127 


.340 


.478 


3 


1 


152 


.380 


.518 


3 





202 


.427 


.568 


3 


00 


227 


.480 


.628 


3 













Stranding: Number 14 to be bunched ; numbers 12 and 10 to be bunched 
or rope lay ; numbers 2. 1, 0, 00 to be rope lay. 
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Test Voltage— The completed cable shall be capable of withstand- 
ing for 1 min. a test voltage of 1500 A. C. applied between the 
copper conductor and a metal foil wrapped around the outside cable. 
The frequency of the test circuit shall be in accordance with the 
Standardization Rules of the American Institute of Electrical En- 
gineers. 

Conductors — ^The conductivity of the individual wires in a strand 
shall conform to the table as given in the National Electric Code 
(1915 edition). All wires are to be thoroughly annealed and tinned. 

Test for Tinning — ^The following test on tinning as adopted by 
the Railway Signal Association is recommended: 

"Samples of wire shall be thoroughly cleaned with alcohol and 
immersed in hydrochloric acid of specific gravity 1.088 for 1 min. 
They shall then be rinsed in clear water and immersed in a solution 
of sodium sulphide of specific gravity 1.142 for 32 sec. and again 
washed. This operation* should be repeated three times and if 
the samples do not become clearly blackened after the fourth im- 
mersion, the tinning shall be regarded as satisfactory. The sodium 
sulphide solution must contain an excess of sulphur and should 
have sufficient strength to thoroughly blacken a piece of clean 
untinned copper wire in 5 seconds.'' 



Flexible Steel Tubing for Automobile Electric Wiring (S. A. E.) 

The accompanying table relates to packed tubing, but the same 
outside diameters should exist in unpacked tubing. It is consid- 
ered desirable that packing should be used for the sake of tight- 
ness. Cotton packing can be used where a fireproof material is not 
required. 

Sizes of Flexible Steel Tubing 





Max. 


Min. 




Max. 


Min. 


Inside 


Outside 


Thickness 


Inside 


Outside 


Thickness 


Diameter 


Diameter 


of Strip 


Diameter 


Diameter 


of Strip 


K. 


% 


0.010 


% 


*K« 


0.014 


Ji2 


% 


.010 


% 


X 


.014 


Yi 


% 


.010 


% 


% 


.014 


% 


% 


.012 


« 


% 


.016 


«. 


% 


.012 


% 


% 


.016 


H 


% 


.012 


% 


l)k 


.016 


K, 


% 


.012 


1 


l%2 


.016 


% 


% 


.014 





















All dimensions in inches. 

Width of strip and depth of flange are left optional with the 
manufacturer, so long as the required degree of flexibility and the 
specified inside and outside diameters are obtained. 

♦"This operation" is interpreted as meaning the immersion in both 
hydrochloric acid and the sodium sulphide solution. 
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Where galvanized strip is used, it should be electrically galvan- 
ized and the amount of zinc should not be less than 0.06 oz. per sq. 
ft. of surface. 

Test for Galvanizing of Tubing — The copper-sulphate method is 
recommended for testing the galvanizing of flexible tubing. This 
cannot be considered as an exact test, but it does not require a 
chemist. With experience, anyone can determine quickly by com- 
parison the amount of zinc coating. 

The test solution is to be prepared by boiling pure water with 
sufficient crystals of chemically-pure copper sulphate to give a sat- 
urated solution with an excess of copper sulphate when cool. The 
solution shall be neutralized by the addition of oxide of copper, 
then filtered and diluted to a specific gravity of 1.186 at 65 deg. F. 
(A saturated solution requires about 27 parts of copper sulphate 
to 73 parts of water, by weight.) 

In order to guard against changes in specific gravity or satura- 
tion, the solution should not be kept in a room whose temperature 
falls much below 65 deg. 

Method of Making Galvanizing Test — ^The solution shall be 
poured into a No. 1 tall glass beaker about 2 in. diameter; about 
100 cu. cm. shall be used for test of %-in. and smaller conduits, 
and about 125 cu. cm. for larger sizes. The same supply of solu- 
tion shall be used for successive dips of any one sample, but a 
fresh supply shall be used for each new sample, and the used solu- 
tion shall not be returned to the supply bottle. 

The solution in the beaker shall be brought to a temperature 
of approximately 65 deg. F. before the test is made, by placing 
the beaker in a larger vessel containing warmer or colder water 
and stirring with a glass thermometer. 

Pieces of conduit about 6 in. long shall be used for the test, with 
the ends cut off approximately square, cooled before the test if 
heated by sawing. Each sample shall be washed in running water, 
dipped up and down in a vessel containing either carbon tetra- 
chloride or ether, and allowed to dry before being placed in the test 
beaker. 

The sample as thus prepared shall be stood on end in the copper- 
sulphate solution for one minute, without moving or stirring the 
solution. At the end of one minute the sample is to be removed, 
rinsed in running water, and wiped lightly, inside and outside, with 
white cheese-cloth until dry. Violent rubbing and contact with the 
hand or any other object are to be avoided. 

Interpretation of Test — ^The zinc coating of the sample is dis- 
solved by the solution and a coating of copper deposited in its place. 
As long as zinc remains the copper can be easily removed by wash- 
ing and wiping, but when the zinc has been entirely dissolved at 
any point the copper deposited at that point will not wash or wipe 
off. The number of dips required to cause a fixed copper deposit is, 
therefore, in some degree, a measure of the thickness of the zinc 
coating. 
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A sample of flexible tubing shall pass this test if it does not have 
more than 25 per cent of its immersed surface covered with a fixed 
copper deposit after one immersion for one minute. Several sam- 
ples should be tested and a comparison noted. 

Each sample shall be subjected to at least one additional dip, 
and the dips are generally continued until the entire immersed 8ur« 
face is coated with a fixed copper deposit. 



Dimensions of Lead Batteries for Lighting and for Combined 
Lighting and Starting Service (S. A. E.) 

The overall width of the battery, measured from side to side of 
case, shall not exceed 7^ in. 

The overall height of the battery measured from bottom of case 
to top of handles shall not exceed 9^ in. 

The overall length of the battery, measured from end to end of 
case, including handles, shall vary according to the capacity of the 
battery and its details of design. Handles shall, as standard, be 
placed at the ends of the battery, and provision for hold-down de- 
vices shall, as standard, be made at the ends of the battery. The 
space occupied by such handles and hold-down devices shall be in 
the direction of the length of the battery only, and not in the 
direction of its width. Terminals and connections shall not extend 
above the handles, the latter to be the higher point. 
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Fig. 317 — Standard Magneto Dimensions (S. A. E.) 
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♦4 and 6 Cyl. 
tAirplane, Auto, 
Manne Tractor 



8 and 12 Cyl 

fAirplane 

Automobile 



Motorcycle 



A. 



Mm. 
9.53- 
1.58 
Mm.iMtch 
U.S.S. 
15 

14.d8 
12 

14.98 
No. 3 
12.7x 
6.35z 
3.18 
Proj. ^ Proj. 1.59 

H No std 

I Nostd. 

M 2.086 52.98 

N 1.771 44.98 

2.375 60.32 

P 0.75 19.05 

P(dia.) 0.749 

0.750 



Inch 
|M6 
tiids. 

U.S.S. 



B 5905 

C 590 

D 472 

E 590 

Woodruff Key F No. 3 



Inch 
|M6 
tiids. 

u.s.a 

.5905 
.590 
.472 
.590 
No. 3 



Pft)]. A 
1.693 
2.519 
2.086 
1.968 

Nostd. 

Nostd. 



Mm. 

9.53- 

1.58 
MuL pitch 

U.S.S. 

15 

14.98 

12 

14.98 

No. 3 

12.7X 

6.36x 

3.18 
Proj. 1.59 

43 

63.98 

52.98 

50 



(Max.) 



Magneto pC 8.000 

Y 5.000 

Z 10.000 

\^dth at Brushes— W Nostd. 

Advance Lever Radius 2 . 125 

Tapped Hole..... i'-28 

thds. 
S.A.E. 



203.20 
127.00 
254.00 



Tisjing 
Lever 



^PlainHole 25 

fDiam Nostd. 



53.97 

6.35-.9 

Mm. pitch 

S.A.E. 

6.35 



9.000 
5.000 

10.000 

Nostd. 

Nostd. 

Nostd. 



228.60 
127.00 
254.00 



Inch 
AM8 
thds. 

U.SA 

.4170 
.3543 
.4409 
.5118 

Special 

Ax Ax 

A 
thick 

Proj. A 

Nostd. 

Nostd. 
1.553 
1.771 

Nostd. 

Nostd. 



Mm. 

7.94- 

1.41 
MoL pitch 

U.S.S. 

10.59 



11.20 

13 
Spedal 

7.94x 

3.97x 

2.38 
Ph)J. 1.59 



39.45 
44.98 



6.000 
3.750 
6.375 
4.000 
1.968 
Nostd. 



152.40 

95.25 

161.93 

101.60 

50 



Dowels 

(Airplane 

Only) 



Nostd. 




.2185 


A 


7.94 


Nostd. 


+ .002 


+.05 




-.000 


-.00 





5.55 



Depth No std. 



7.94 Nostd. 



Insulation Requirements of Electrical Apparatus After Installation 

on Gasoline Automobiles (S. A. E.) 

Electrical apparatus for use on gasoline automobiles, when oper- 
ated on circuits of from 6 to 25 volts, shall be capable after instal- 
lation of withstanding for one minute an alternating potential of 
600 volts, the test being applied between the conducting circuit 
and frame or ground. In the case of apparatus with one terminal 
grounded, the ground connection shall be removed at such a point 
as will permit the test being applied to all parts of the circuit 
which, in actual use, will be subjected to working potential. 

Exception. — Batteries will not be subjected to any insulation test 
above their working potential. 
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Tail-Lamp Glasses (S. A. £.) 

The stanclard tail-lamp glass is 3 in. diameter with tolerances 
of plus 1/32 in. and minus 1/64 in. 



Head-Lamp Socket — ^Focusing (S. A. E.) 

, The position of the slots in the head-lamp socket shall be so 
fixed that the lock pins of the bulbs when installed shall lie in a 
vertical plane. 

Any socket adjusting device requiring the dismantling of the 
head-lamp reflector, or the adjustment of which requires the 
handling of the bulb, shall be disapproved. 

Any focusing device must be constructed so that neither in ad- 
justment nor in use can the bulb base be moved out of its axial 
position in the reflector. 

All socket adjustments must be so designed that they can be 
locked securely in the desired position. 



Head Lamp Illumination (S. A. E.) 

The head lamps shall be so arranged that no portion of the direct 
reflected beam cone of light, when measured 75 feet ahead of the 
head lamps, shall rise above 42 in. from the level surface of the road 
on which the vehicle stands, under any condition of loading; nor 
shall any portion of the direct reflected beam cone of light rise, 
at the 75-ft. distance, more than 12 in. above the center of the head 
lamp. 



Head Lamp Mounting (S. A. E.) 

It is recommended that head lamps be mounted so that their cen- 
ters are not less than 3 ft. nor more than 4 ft. from the ground. 
This mounting will allow head lamps to more nearly conform to 
the Illumination Recommendation. 



Head Lamp Brackets (S. A. E.) 

Three standard sizes are recommended for the forked type of 
head-lamp bracket, the forks having center-to-center widths of 
1%9 SM and 9^ in. The upper ends of the brackets are to be 
^ in. diameter, with Mi in. S. A. E. threads and machined shoulders 
not less than % in. diameter. The distance from the upper face 
of the shoulder to the last full thread on the end of the bracket 
should be not less than 1^ in. where no tie-rod is used, or 1^ 
in. plus thickness of rod where a rod is used. The use of nuts 
and lock washers for locking lamp to the fork is recommended. 

An adjustment should be provided for the bracket to allow a 
change of the vertical angle of the lamp without bending any 
part of the bracket. The props attached to the lamp housing shaU 
have bores of 17/32 in., the bores being 1% in. long. The center- 
line of the hole in the prop shall be not less than 9/16 in. from 
the nearest point of the lamp housing. The clearance between 
the lower part of the bracket and the lamp housing shall be not 
less than 9/16 in, 
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Fig. 318 — Starter Cable Lugs (S. A. E.) 



Cable Number 


C 


ft 


W 


L 


Max. Lengths 


SB-1 


'Ji. 


% 


^K. 


2K> 




8B-0 










7 ft. 




'fii 


% 


fi 


2K 


9 ft. 



Noib: — ^Under Cable Numbera "SB" indicates SioglQ Braid. 

r- 

Xs 






Phj. 319— Generator Modntikg (S 


A. 


E.) 




Size No. 


A 


B 


c 


D E 


F 


fl 


H 


T 


1 




2'K. 


6K 


li % 


% 


1« 


4K 


!1. 


2 


2% 


3M. 


6« 


S H 


'fe 


I'J 


t 6K 










JC 


r. 


jlf 


W 


P 


£ 


S 


X 


<i 


s< 


1% 


I'K. 


% 


K 


0.6260 
0.6245 


1 


2 


a 


% 


1% 


1% 


1M« 


1 


0.7600 
0.7495 


IM 



406 



APPENDIX 



Copper THre, Brown ft Sharpe Gauge 



No. 
0000 

000 

00 



1 

2 
•3 

4 

5 

6 

7 

8 
10 
12 
14 
15 
16 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
38 
40 



Diameter 
in Mils 

460 

410 

365 

325 

289 

258 

229 

204 

182 

162 

144 

128 

102 

80.8 

64.1 

67.1 

50.8 

45.3 

40.3 

35.9 

31.9 

28.5 

25.3 

22.6 

20.1 

17.9 

15.9 

14.2 

12.6 

11.3 

10.0 

8.93 

7.95 

7.08 

6.30 

5.61 

5.00 

3.96 

3.14 



Cross Section 

in Circular 

Mils 

211,600 

167,800 

133,100 

105,500 

83,690 

66,370 

52,640 

41,740 

33,100 

26,250 

20,820 

16,510 

10,380 

6,530 

4,107 

3,257 

2,583 

2,048 

1,624 

1,288 

1,022 

810 

642 

509 

404 

320 

254 

201 

160 

127 

100 

79.7 

•63.2 

50.1 

39.7 

31.5 

25.0 

15.7 

9.89 



Resistance 

at 68 

deg. F. 

0.0490 

0.0618 

0.0779 

0.0983 

0.124 

0.156 

0.197 

0.248 

0.313 

0.395 

0.498 

0.628 

0.999 

1.59 

2.52 

3.18 

4.01 

5.06 

6.38 

8.05 

10.1 

12.8 

16.1 

20.4 

25.7 

32.4 

40.8 

51.5 

64.9 

81.8 

103.0 

130 

164 

207 

261 

329 

415 

660 

1,050 



Weight in 

Lbs. per 

1000 Ft 

640 

508 

403 

319 

253 

201 

159 

126 

100 
79.5 
63.0 
50.0 
31.4 
19.8 
12.4 
9.86 
7.82 
6.20 
4.92 
3.90 
3.09 
2.45 
1.94 
1.54 
1.22 
0.970 
0.769 
0.610 
0.484 
0.384 
0.304 
0.241 
0.191 
0.152 
0.120 
0.0954 
0.0757 
0.0476 
0.0299 



Feet 
per Lb. 
1.56 
1.97 
2.48 
8.13 
8.95 
4.98 
6.28 
7.91 
0.98 
12.6 
15.9 
20.0 
81.8 
50.6 
80.4 
101 
128 
161 
203 
256 
323 
408 
514 
648 
818 
1,030 
1,300 
1,640 
2,070 
2,610 
3,290 
4,140 
5,230 
6,590 
8,310 
10,500 
13,200 
21,000 
33,400 



The thickness of different insulating coverings for magnet wires is aa 
follows: Single cotton covered, Nos. 10 to 19, 2.5-6.0 mils; Nos. 20-40, 
2.0-4.0 mils; double cotton covered, Nos. 10 to 19, 5.0-10.0 mils; Nos. 
20-40, 4.0-8.0 mils; single silk covered, Nos. 16-40, 1.0-2.0 mils; double 
silk covered, Nos. 16-40, 2.0-4.0 mils: enamel covered, Nos. 13-15, 1.5 mils; 
Nos. 16-28, 1.1 mils; Nos. 29-33, 0.7-1.0 mils; Nos. 84-86, 0.4-0.7 mils; Nos. 
88.-40, 0.3-0.6 mils. 
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Altematinsr mains, chargins from, 

213 
Ammeter, principle of, 62 
Armature bands, 71, 244 
Armature construction, 240 
Armature core, magneto, 71 
Armature reaction, 73, 253 
Armature winding, 243 
Armature winding diagrams, 245 
Atwater Kent interrupter, 121, 128 
Atwater Kent spark governor, 174 
Automatic change gear, Jesco, 341 
Automatic ignition switch, 123 
Automatic timing, 171 
Automatic timing coupling, 173 
Auxiliary spark gap, 108 
Back-kicks, provision against, 176 
Bakelite, 162 

Bar magnet, field of force of, 42 
Battery, and coil system, 84 
Battery capacity required, 377 
Battery charging, economies of, 213 
Battery charging installations, 213 
Battery cut-out, centrifugal, 288 
Battery cut-out, Delco, 291 
Battery cut-out, Entz, 286 
Battery cut-out, electro-magnetic, 

290 
Battery cut-out, Holtzer-Cabot, 288 
Battery cut-out, location of, 298 
Battery cut-out, mercury type, 289 
Battery cut-out, Mira, 288 
Battery cut-out, need of, 259 
Battery cut-out types compared, 292 
Battery floating on line, 260 
Battery holders, wireless, 15 
Battery instructions, S. A. E., 31 
Battery mounting, 378 
Battery savers, 123 
Battery spring-mounting, 379 
Battery systems, modem, 119 
Batteries, care of, 381 
Batteries not holding charge, 382 
Batteries, standard dimensions of, 

402 
Batteries, winter care of, 388 
Baume scale, 26 
Bendiz drive, 348 
Bijur automatic shift, 850 
Black oxide of manganese, 14 
Bosch dual system, 182 
Bosch duplex system, 184 
Bosch hlgh*ten8ion magneto, 143 



Bosch magneto for V engines, 160 
Bosch "Two Independent" systems. 

177 
Brushes and rigging, 261 
Brushes, care and adjustment of, 

256 
Brushes, sanding in, 267 
BuckpriDOf colls. 109 
Bulb bases, 306 
Bulb sizes, S. A. E., 896 
Bulbs, candle power of, 308 
Bulbs, Ufe and efficiency of, SOS 
Bulbs, nitrogen-filled, 302 
Cable connectors, 200 
Cable specifications, S. A. E., 397 
Cable terminals, 200 
Cable terminal, single wire, 308 
Cable testing device, 227 
Candle power, 296 
Candle power, mean horizontal, 305 
Candle power, mean spherical, 304 
Canfield spark plug patent, 101 
Capacity, 57 

Charging Indicator, U. M, L., 298 
Charging Indicator, Qray & DaviS; 

294 
Charge determination, 26 
Chargring storage batteries, 28 
Charging voltages, 211 
Chemical effects of current, 4 
Closed circuit interrupters, 119 
Clutches, overrunning, 343 
Coils, care of, 117 
Coils, locating faults In, 117 
Coils, construction of, 87 
Combed pole tips, 169 
Combined magneto and battery 

systems, 177 
Commutation, 253 
Commutator, 239 
Compound magnets, 45 
Compound-wound generator, 249 
Compound-wound motor, 325 
Condenser, 57, 89 
Conductors, 2 

Connecticut Interrupter, 122 
Connection of Instruments, 66 
Connector plugs, 307 
Contact points, dressing up, 116 
Contact points, life of, 122 
Counter electromotive force, 826 
Core disks, 241 
Coupling boxes, 874 
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Crankinir speed* tt$ 

Current lag, 66 

Current control, 272 

Current consumption of icrnition 
systems, 130 

D'Aessouval type instrument, 62 

Dashboard instruments, 66 

Dash lamps, 316 

Delco interrupter, 126, 128 

Delco distributer. 111 

Delco relay, 125 

Depolarizers, 13 

Differential field windings, 260, 278 

Dimming devices, 818 

Direct current mains, charging 
from, 211 

Discharge rate, effect on capacity, 
24 

Discharge rate, efCgct on voltage, 
25 

Distributer, 109 

Distributer mounting, 395 

Direction of current, rule for, 10 

Direction of e.m.f., rule for, 64 

Dixie magneto, 157 

Dixie magneto, spark advance, 170 

Dry cells, 13 

Dry cells, deterioration of. 14 

Dry cells, reviving old, 16 

Dynamo generator, principles of, 
286 

Dynamos, care of, 255 

Dynamotors, double deck, 342 

Energy consumed in starting, 829 

Edison battery, care of, 38 

Edison battery, charging character- 
istics of, 37 

Edison battery, voltage of, 37 

Edison storage battery, 34 

Efisemann automatic timing 
mechanism, 171 

Eisemann helical pole faces, 168 

Electric energy. 8 

Electricity, current, 1 

Electricity, nature of, 1 

Electricity, static, 1 

Electrolyte, adjusting level of, 28 

Electrolyte, mixing, 28 

Electrolyte of EMison battery, 37 

Electrolyte, resistivity of, 30 

Electrolytes, 4 

Electro -magnetic induction, 49 

Electrostatic interference, 207 

Esterline headlamp, 310 

Exide storage cell, 22 

Extra current, absorption of. by 
condenser, 59 

Faraday's laws of induction, 50 

Faure storage cells, 17 

Firing order, 108 

Field circuit, open, 389 

Field connections, 247 

Field frames, 237 

Filament development of metal, 299 

Filaments, types of, 301 

Flexible steel tubing, S. A. E., 400 

Focusing devices, types of, 312 

Focusing headlamps, 310 

Ford flywheel magneto, 132 

Ford ignition system, connections 
of, 135 

Ford magneto, magnetic circuit of, 
132 

Ford system, characteristics of, 134 

Form -wound armature. 244 

Freezing temperatures of electro- 
lyte, 384 



Fuse blocks, 861 
Fuses, 360 
Oalalith, 162 
Gaskets, spark plug, 96 
Generator capacity required, 254 
Generator characteristics, 250, 260 
Generator control, 259 
Generator control, Adlake, 267 
Generator (control, Bijur, 270 
Generator control, Bosch, 265 
Generator control by armature re- 
action, 276 
Generator control,. Delco, 267 
Generator control, magnetic shunt, 

276 
Generator control, magnetic vi- 
brator, 269 
Generator control, Rushmore, 273 
Generator control, third brush, 277 
Generator control, U. S. K, 265 
Generator control, thermostatic, 

283 
Generator control, revise series, 

272 
Generator control. Westinghouse, 

279 
Generator, electrical defects in, 387 
Generator mounting, S. A. E., 405 
Generator output, effect of tem- 
perature, 282 
Generators, 235, 260 
Glare, 316 

Governor clutches, 263 
Gray & Davis governor clutch, 263 
Gray & Davis headlamp, 309 
Grids, 18 

Ground return system, 365 
Grounds, 66 

Hand starting magrneto, 187 
Hand-wound armature, 244 
Hard rubber, insulating properties 

of, 161 
Headlamp brackets, 404 
Headlamp focusing, 404 
Headlamp mounting, 313, 404 
Headlamp nomenclature, 393 
Headlamp sockets, S. A. E., 404 
Headlight tests, specifications for, 

391 
Helical slots, spark timing by, 171 
Helix or coil, action of, 39 
Herz governor coupling, 173 
Heat losses in conductors, 8 
High-tension ignition, 83 
High-tension magneto, current 

wave of, 151 
High-tension magneto, flux curve 

of. 151 
High-tension magneto, invention 

of, 143 
High-tension magneto, principle of 

operation of, 150 
High-tension magneto, voltage 

curve of, 151 
History of electric starters, 235 
Hitenagraph, 230 
Horseshoe magnet, 45 
Humming, prevention of, 254 
Hydraulic analogy, 2 
Hydrometer tests, 382 
Hydrometer syringe, 27 
Hysteresis, 47 

Illumination and glare tests, 322 
Illumination, control of, 318 
Illumination, law of, 296 
Ignition cable, 200 
Ignition locks, 205 



INDEX 



409 



Igrnition, low tension, 76 

Ignition timing. 113 

Impulse starters, 188 

Individual coils, 107 

Induction coil, 83 

Induction coil, resistance of, 88 

Induced currents, direction of, 51 

Induction between adjacent coils, 
49 

Induction, law of, 50 

Inspection lamps, 316 

Installation specifications, S. A. £S., 
371 

Instrument shunt, 64 

Instruments, use of, 68 

Insulated return system, 365 

Insulation requirements, S. A. E., 
403 

Insulators, 2 

Insulators, high tension, 161 

Insulators, spark plug, 96 

Intensiflers, 319 

Interference, electrostatic, 207 

Interrupter, adjustment of mag- 
neto, 164 

Interrupter, Bosch magneto, 147 

Interrupters, high speed, 127 

Iron wire resistance characteris- 
tics, 275 

Junction boxes, 374 

K-W magneto, 150 

K-W impulse starter, 190 

Lag of interrupter, 123 

Lamp voltage, 302 

Lamp sockets, 307 

Lamps used, types of, 306 

Lens, Osgood, 321 

Lens, McKee, 321 

Lenses, prismatic, 321 

Light, unit of, 296 

Lines of force, 39 

Low tension ignition, 78 

Magnets, aging, 47 

Magnet frame. 70 

Magnets, lifting power of, 47 

Magnet material, 46 

Magnetic circuit, the, 41 

Magnetic circuit, law of the, 42 

Magnetic meshing gear, 354 

Magnetic plug system, 81 

Magnetic spark plugs, 80 

Magnetism, nature of, 39 

Magnetizing steel, 46 

Magneto and coil ignition, 182 

Magneto, care and adjustment of, 
163 

Magneto dimensions, S. A. E., 402 

Magnetos for two-point ignition, 
193 

Magnetos for V-type engines, 159 

Magneto generator, construction of. 

Magneto generator, principle of, 71 
Magnet recharging, 222 
Magneto tester, Butler, 228 
Magneto, distributerless, 197 
Magneto, size of, 74 
Magneto troubles, location of, 164 
Magneto starting helps, 186 
Magneto, standard dimensions, 75 
Magneto voltage, 72 
Make-and-break induced E. M. "Fa., 

84 
Make-and -break mechanism, 77 
Master vibrator, 112 
Mea magneto, 169 
Metric spark plug, 99 



Mica, under- cutting, 257 

Motor characteristics, 824 

Motor generator, 221 

Multi-cylinder coil ignition, 107 

Multi -vibrator coil systems, 108 

Mutual induction, 60 

Nitrogen-flUed bulbs, 802 

Non-inductive coil, 53 

Non-sooting recess plugs, 101 

Non-vibrator coils, 130 

Ohm's law. 3 

Open circuit interrupters, 119 

Oscillograph diagrams, 94 

Oscillographs, 231 

Oscillogram of starter current, 881 

Parabolic reflector, 297 

Parallel connection, 12 

Peaked current curve, reasons for, 

167 
Permanent magnets, 44 
Permanent magnets, types of, 40 
Permeability, 43 
Philbrin interrupter, 129 
Photometer, 297 

Pittsfleld aircraft spark plug, 106 
Plants storage cells, 17 
Polarization, 11 
Porcelains, protected, 100 
Power required in starting, 326 
Pocket instruments, 65 
Polarity of mains, determining, 212 
Potential, difference of, 2 
Primary batteries, nature of, IQ 
Rectifier, electrolytic, 214 / 
Rectifier, mercury arc, 218 
Rectifier, Tungar, 219 
Rectifier, vibrator type, 216 
Refiection, law of, 297 
Refle.ctors, 297 

Refiectors, care of metal. 318 
Refiector displaced, halves of, 820 
Refiectors, glass, 309 
Refiectors, metallic, 308 
Regulators, care of, 284 
Remy dual system, connections of, 

140 
Remy inductor magneto, 154 
Remy Model P magneto, 137 
Remy thermostatic control, 288 
Resistance calculations, 6 
Resistance, specific, 5 
Resistance, starter, 347 
Reverse series control, 272 
Rocking magnet frame, 169 
Rotary sector type magneto. 163 
Safety spark gap, 145 
Self-excitation, 246 
Self-induction, 51 
Semi-automatic impulse starters, 

190 
Series connection, 12 
Series generator, 248 
Series motor, 324 
Series multiple connection, 12 
Shifting gear drives, 846 
Short circuits, 66 
Shunt generator, 249 
Shunt motor. 324 
Sine wave, 53 
Single coil system, 109 
Single unit systems, 834 
Single vs. multiple sparks, 119 
Spark coil, 76 

Spark plug, elements of the, 96 
Spark plug faults, 102 
Spark plugs for aircraft engines, 

105 
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Spark plus location in cylinder. 

101 
Spark plug, low tension. 76 
Spark plugs, mica insulated, 96 
Spark plug shells, S. A. E. stand- 
ard, 98 
Spark plugs, porcelain insulated, 

97 
Spark plug shell, proper length of, 

99 
Spark plug tester, 226 
Spark points, 97 
Spark points, multiple, 98 
Spark timing, 78, 188 
Spark timing, methods of, 166 
Spark voltage In atmosphere, 85 
Spark voltage under compression, 

85 
Specific inductive capacities, 67 
Spot lamps, 816 
Storage battery capacity, loss of, 

30 
Storage hattery, capacity ratings 

of, 22 
Storage battery, construction of, 20 
Storage battery, efficiency of. 29 
Storage battery, standard dimen- 
sions of, 23 
Storage cell, chemical actions in, 

17 
Storage cell element, assembly of, 

19 
Stabilit, 162 

Starter cable lugs. S. A. E., 405 
Starter characteristics, 332 
Starter drive, inertia -controlled, 

348 
Starter drive, single-ratio, 338 
Starter drive, two-ratio, 339 
Starter drive, Rushmore, 354 
Starter drive, Westinghouse, 847 
Starter, flywheel type, 336 
Starters, mechanical construction 

of, 333 
Starter motor, principle of, 828 
Starter mounting, S. A. B.. 896 
Starter speed, 331 
Starter, U. S. L., 336 
Starter switch, Auto-Lite, 856 
Starter switch, Delco, 367 
Starter switch. Harpoon, 356 
Starter troubles, 358 
Starting on the spark, 179 
Starting torques of motors, 826 
Sulphating, 29 
Switch, Delco, 364 
Switches, kick, 203 



Switch, Gray ft Davl& Hk 

Switches, ignition, 208 

Switches, lighting, 362 

Switches, push, 362 

Switches, push and pull, 204, 862 

Switch, reversing, 205 

Switches, turn-over, 208 

Tail lamp glasses, S. A. EL, 404 

Tail lights, 315 

Tapering charge, 261 

Teagle inductor magneto, 158 

Temperature coefficient. 6 

Temperature effect on voltage, 25 

Terminal tool, 202 

Terminology. 236 

Test for armature faults, 889 

Test points, 387 

Thickness of battery plates, 19 

Three-wire system, 869 

Time constant, 62 

Timer, 91 

Timer and distributer, combined, 

111 
Timing is needed, whv variable, 98 
Tungsten filament, 300 
Tungsten contacts, 122 
Transformer, 60 
Trembler, 84 
Two-point ignition, 192 
Two-];K>int ignition^ results from, 195 
Two-point spark plug, 192 
U. & H. impulse starter, 188 
Vacuum impregnating process, 88 
Vibrator, adjustment of magnetic, 

115 
Vibrator, magnetic, 86 
Vibrator, the mechanical. 83 
Vibrator coil system, locating 

troubles in, 114 
Voltammeters, 69 
Volt, definition of, 5 
Voltage control, 271 
Voltage control, 262 
Voltage of storage cell, 21 
Voltmeter, principle of. 62 
Wet cells, 13 

Willard storage battery. 20 
Wire gauge, 6. & S., 406 
Wiring diagram of Remy magneto, 

141 
Wiring methods, ignition, 206 
Wires, to use, size of, 373 
Wiring of simple battery system, 

92 
Wiring systems. 368 
Zkac, consumption of^ 11 
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